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DESCRIPTION 

OPTICAL COMMUNICATION NETWORK SYSTEM, WAVELENGTH- 

*C . . • ^ 

ROUTING DEVICE, COMMUNICATION NODE, AND OPTICAL PATH 



MANAGEMENT METHOD AND DEVICE FOR OPT ICAL CROSS CONNECT 
DEVICE 



Technical Field 

The present invention relates to an optical communication network system 
10 which takes advantage of wavelength-routing and which establishes communication 
between a plurality of communication nodes by route control according to the 
wavelength of an optical signal, to a wavelength-routing device thereof, and to a 
communication node. 

Furthermore, the present invention relates to an optical path management 
15 method and a device therefor which are useful when applied to such an optical 

communication network system, and to a technique for managing the optical path in an 
optical cross connect device which forms an optical network using an optical wavelength 
division multiplexing technique, and in particular an optical cross connect device which 
consists of a combination of a plurality of small scale optical matrix switches, and which 
20 establishes an optical path between any desired communication nodes among a maximum 
of N (where N is an integer greater than or equal to 2) communication nodes which 
transmit and receive wavelength division multiplexed signals which are obtained by 
wavelength division multiplexing optical signals of a maximum of m wavelengths 
(where m is an integer greater than or equal to 2). 
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Background Art 

In recent years, communication traffic is constantly increasing along with the 
spread of broadband service and the increase in the utilization of information interchange 
by companies which take advantage of the internet, and demand for increase of the 
5 capacity and the rate of communication networks is unrelenting. 

The wavelength division multiplexing (WDM) communication technique 
greatly increases the transmission capacity per one optical fiber, and has realized great 
capacity increase between two locations. However, when relaying the optical signal at a 
communication node, it is necessary to demultiplex the wavelength division multiplexed 
10 signals for each wavelength, and to route the data packets in each optical signal 
individually for each packet. 

Nowadays, routing of data packets is performed electrically by converting the 
optical signal to an electrical signal, but, along with increases in the transmission rate and 
increases in capacity, the routing by electrical processing of a high volume signal will 
15 reach a limit in the near future. 

As a means for solving this problem, wavelength path routing is proposed, in 
which the optical signals are not converted into electrical signals, but are routed in the 
optical state (upon the optical layer). 

FIG. 25 is an optical communication network system based upon wavelength 
20 path routing which has been implemented using an arrayed-waveguide grating which is 
provided with a wavelength-routing function (for example, refer to "32x32 full-mesh 
(1024 path) wavelength-routing WDM network based upon uniform-loss cyclic- 
frequency arrayed-waveguide grating", lEE Electron. Lett., vol. 36, no., pp. 1294-1295, 
2000, by K. Kato et al.). 
25 The optical communication network shown in FIG. 25 shows the case in which 
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the number of the communication nodes is four, and 100-1 through 100-4 are 
communication nodes, 110 is a 4x4 arrayed-waveguide grating having four input ports 
and four output ports, 120-1 through 120-4 are upstream optical transmission lines along 
which pass optical signals which have been transmitted towards the arrayed-waveguide 
5 grating 110 from the communication nodes 100-1 through 100-4, and 130-1 through 130- 
4 are downstream optical transmission lines along which pass optical signals which have 
been transmitted from the arrayed-waveguide grating 110 towards the communication 
nodes 100-1 through 100-4. 

The arrayed-waveguide grating 110 is an optical component which has input 

10 ports 140-1 through 140-4 and output ports 150-1 through 150-4, and the output ports 
150-1 through 150-4 which output the optical signals which have been inputted to the 
input ports 140-1 through 140-4 are determined uniquely according to the wavelengths of 
these optical signals. 

The upstream optical transmission lines 120-1 through 120-4 are respectively 

15 connected to the input ports 140-1 through 140-4 of the arrayed-waveguide grating 110, 
while the downstream transmission lines 130-1 through 130-4 are respectively connected 
to the output ports 150-1 through 150-4 of the arrayed-waveguide grating 110. 

FIGS. 26 and 27 show how the input ports 140-1 through 140-4 and the output 
ports 150-1 through 150-4 of the 4x4 arrayed-waveguide grating 110, which has the four 

20 input ports 140-1 through 140-4 and the four output ports 150-1 through 150-4, are 
connected together according to wavelength. 

FIG. 26 shows the case of a 4x4 arrayed-waveguide grating 110 which is 
provided with a cyclic-wavelength characteristic, and moreover FIG. 27 shows the case 
of one which is not provided with a cyclic-wavelength characteristic. 

25 For example, in FIG. 26, when an optical signal of wavelength X3 has been 
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inputted to the input port 140-1, this optical signal of wavelength X3 is outputted from the 
output port 150-3. Accordingly, when an optical signal of wavelength A3 is transmitted 
from the communication node 100-1, this optical signal of wavelength 73 is inputted to 
the input port 140-1 of the arrayed- waveguide grating 110 via the optical transmission 
5 line 120-1, and, due to wavelength-routing, this optical signal of wavelength A3 is 
outputted from the output port 150-3 of the arrayed-waveguide grating 110. 
Subsequently, the optical signal of wavelength X3 arrives at the communication node 
100-3 along the optical transmission line 130-3. In this manner, it is possible to perform 
routing upon the optical layer based upon the wavelength of the optical signals by 

10 utilizing the wavelength-routing function of the arrayed-waveguide grating 110, and to 
perform communication between the communication nodes 100-1 through 100-4, without 
converting the optical signals into electrical signals. 

Furthermore, an optical communication network having a structure as shown in 
FIG. 28 is known as a network system which is capable of answering to increase of 

15 transmission capacity by providing an optical path of two or more wavelengths between 
two communication nodes (refer to Japanese Unexamined Patent Application, First 
Publications Nos. 2000-134649, 2002-165238, and 2002-262319). 

The optical communication network shown in FIG. 28 shows the case in which 
the number of communication nodes is four. In FIG. 28, 1200-1 through 1200-4 denote 

20 communication nodes, 1220-1 through 1220-4 denote wavelength-band demultiplexing 
devices, 1230-1 through 1230-4 denote wavelength-band multiplexing devices, and 1240 
denotes an optical switch. 

The communication nodes 1200-1 through 1200-4 wavelength division 
multiplex and output a plurality of optical signals. The optical signals which are 

25 outputted are inputted to the respective wavelength-band demultiplexing devices 1220-1 
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through 1220-4. These wavelength-band demultiplexing devices are provided with the 
function of distributing the wavelength division multiplexed signals which have been 
inputted to a plurality of output ports. At this time, the signals which are outputted from 
the respective output ports are wavelength division multiplexed for each combination of 
5 wavelengths which are determined in advance, in other words for each wavelength-band. 
The routes of the optical signals which are outputted from the wavelength-band 
demultiplexing devices are changed over by the optical switch 1240, and the outputs 
thereof are inputted to the wavelength-band multiplexing devices 1230-1 through 1230-4. 
These wavelength-band multiplexing devices, in a manner opposite to the wavelength- 

10 band demultiplexing devices, are provided with the function of bundling together signals 
which have been wavelength division multiplexed for each wavelength-band to a single 
output port. The signals which have been outputted from the wavelength-band 
multiplexing devices 1230-1 through 1230-4 are inputted to the communication nodes 
1200-1 through 1200-4, and are received thereby. 

15 Since it is possible to provide an optical path in this type of optical 

communication network between two communication nodes for each wavelength-band, 
accordingly it is possible to provide a plurality of optical paths between the 
communication nodes up to the number of wavelengths which are included within a 
wavelength-band. 

20 It should be understood that, as shown in FIG. 29, there is also a known method 

of forming the optical switch 1240 by combining a plurality of small scale optical 
switches 1240-1 through 1240-3 (refer to Japanese Unexamined Patent Application, First 
Publication No. 2001-8244). 

Moreover, it should be understood that there is known an optical communication 

25 network (refer to Japanese Unexamined Patent Application, First Publication No. 2002- 
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300137) which utilizes the CWDM (Coarse WDM) standard having a grid of 20 nm 
interval in the wavelength-band demultiplexing devices or the wavelength-band 
multiplexing devices, and which forms wavelength-bands in which DWDM (Dense 
WDM) signals of 100 GHz (about 0.8 nm) intervals are accommodated in the 20 nm 
5 bands. 

However, with the above-described conventional optical communication 
network system based upon wavelength-routing of the arrayed-waveguide grating 110, 
although the communication node 100-1 can transmit information to the communication 
node 100-3 with an optical signal of wavelength X3, it is difficult to increase the 

10 transmission capacity from the communication node 100-1 to the communication node 
100-3 above the transmission capacity of an optical signal of one wavelength. 

In other words, it is only possible to establish a single optical path between two 
communication nodes with the conventional technique shown in FIG. 25. In this manner, 
with an optical communication network system of the conventional structure which is 

15 based upon wavelength-routing by an arrayed-waveguide grating 110, there is the 

problematical aspect that it is extremely difficult to increase the transmission capacity by 
increasing the number of optical paths between the communication nodes. 

Furthermore, with the method of establishing an optical path between 
communication nodes for each wavelength-band, the number of communication nodes to 

20 which some communication node can transmit information is limited to the number of 
wavelength-bands, and there is the problem that, if the number of communication nodes 
exceeds the number of the wavelength-bands, then a combination of the communication 
nodes is created in which information is not delivered unless it is transmitted via other 
communication nodes. 

25 On the other hand, FIG. 30 shows an example of a conventional optical cross. 
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connect device (refer to "Optical Networks", R. Ramaswami, K. N. Sivarajan, Morgan 
Kauftnan Publishers Inc., 1998, p. 341 etc.). In this figure, 1-1, 1-2, 1-N are 
wavelength division demultiplexing circuits, 2-1, 2-2, ... 2-N are wavelength division 
multiplexing circuits, 3-1, 3-2, ... 3-m are optical matrix switches, 4-1, 4-2, ... 4-N are 
5 input optical fibers (optical transmission lines upon the input side), and 5-1, 5-2, ... 5-N 
are output optical fibers (optical transmission lines upon the output side). 

The wavelength division demultiplexing circuits 1-1 through 1-N each have a 
single input port and m output ports, and the input port is connected via the input optical 
fibers 4-1 through 4-N to a certain single communication node (not shown in the figure), 

10 and a wavelength division multiplexed signal which has been inputted from the certain 
communication node to the input port is demultiplexed by wavelength and is outputted 
from the respective output ports. 

The wavelength division multiplexing circuits 2-1 through 2-N each has m 
input ports and a single output port, and the output port is connected to a certain 

15 communication node (not shown in the figure) via output optical fibers 5-1 through 5-N, 
so that optical signals of a maximum of m wavelengths which have been inputted to the 
respective input ports are wavelength division multiplexed to form a wavelength division 
multiplexed signal, which is outputted from the output port to the certain communication 
node. 

20 The optical matrix switches 3-1 through 3-m each has N input ports and N 

output ports, and each of the input ports is respectively connected to that output port, 
among the output ports of the wavelength division demultiplexing circuits 1-1 through 1- 
N, which outputs an optical signal of the same wavelength, while each of the output ports 
is separately connected to the input ports of the wavelength division multiplexing circuits 

25 2-1 through 2-N. 
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With this type of optical cross connect device, the wavelength division 
multiplexed signals of m wavelengths which have been transmitted via the input optical 
fibers 4-1 through 4-N from the respective communication nodes are inputted to the 
wavelength division demultiplexing circuits 1-1 throu^ 1-N, are demultiplexed by 
5 wavelength, are outputted from the separate output ports, and are respectively inputted by 
wavelength to the different optical matrix switches 3-1 through 3-m. Routes, that is, the 
wavelength division multiplexing circuits 2-1 through 2-N which are the output 
destination, are changed over so that the optical signals which have been inputted to the 
optical matrix switches 3-1 through 3-m are outputted to the desired output optical fibers 

10 5-1 through 5-N under the condition that optical signals of the same wavelength are not 
outputted from the same output optical fiber, in other words, under the condition that 
optical signals of the same wavelength are not inputted to the same wavelength division 
multiplexing circuit, and the optical signals of m wavelengths which have been inputted 
to the wavelength division multiplexing circuits 2-1 through 2-N are wavelength division 

15 multiplexed, and are transmitted to the respective communication nodes via the output 
optical fibers 5-1 through 5-N. 

With the circuit of FIG. 30, it is possible to establiish settings so that all the 
optical signals of all the wavelengths which have been multiplexed upon the input optical 
fibers are outputted from the desired output optical fibers. However, due to the condition 

20 that optical signals of the same wavelength are not outputted from the same output 
optical fiber, the optical paths between the input optical fibers and the output optical 
fibers cannot be set freely. 

For example, the case may be considered in which the number of the input 
optical fibers and the number of the output optical fibers are both 8, and the number of 

25 multiplexed wavelengths is 4. At this time, under the conditions that the optical paths 
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between the input optical fibers and the output optical fibers are not arranged, that is, as 
shown in FIGS. 31A through 31D, optical paths which use the wavelength XI are 
established between the #1 input optical fiber and the #3 output optical fiber and between 
the #3 input optical fiber and the #1 output optical fiber, optical paths which use the 
5 wavelength X2 are established between the #2 input optical fiber and the #5 output 

optical fiber and between the #5 input optical fiber and the #2 output optical fiber, optical 
paths which use the wavelength X3 are established between the #2 input optical fiber and 
the #8 output optical fiber and between the #8 input optical fiber and the #2 output 
optical fiber,; and optical paths which use the wavelength X4 are established between the 

10 #1 input optical fiber and the #3 output optical fiber and between the #3 input optical 

fiber and the #1 output optical fiber, it is not possible to implement setting of the optical 
matrix switches so as to establish an optical path between the #1 input optical fiber and 
the #2 output optical fiber, or between the #2 input optical fiber and the #1 output optical 
fiber, even using the optical matrix switches through which any of the wavelengths from 

15 XI through X4 passes, since a signal of the same wavelength as an already existing optical 
path is being outputted from the same output optical fiber. 

On the other hand, as another method for implementing the establishment of 
optical paths between the input optical fibers and output optical fibers, there is a method 
as shown in FIGS. 32A through 32D, in which the optical paths between the input optical 

20 fibers and the output optical fibers are arranged. In detail, there is the method in which: 
optical paths which use the wavelength XI are established between the #1 input optical 
fiber and the #3 output optical fiber and between the #3 input optical fiber and the #1 
output optical fiber; optical paths which use the wavelength XI are established between 
the #2 input optical fiber and the #5 output optical fiber and between the #5 input optical 

25 fiber and the #2 output optical fiber; optical paths which use the wavelength X2 are 
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established between the #2 input optical fiber and the #8 output optical fiber and between 
the #8 input optical fiber and the #2 output optical fiber; and optical paths which use the 
wavelength \2 are established between the #1 input optical fiber and the #3 output 
optical fiber and between the #3 input optical fiber and the #1 output optical fiber. 
5 In these circumstances, it is possible to utilize the wavelength A3 or the 

wavelength X4 for setting of the optical matrix switches so as to establish a further optical 
path between the #1 optical fiber and the #2 optical fiber, and, as compared with the 
previous case, it is possible to enhance the efficiency of utilization of the optical matrix 
switches. 

10 In this manner, in order to utilize an optical cross connect device formed by 

combining small scale optical matrix switches efficiently, it is necessary to establish an 
optical path by planning a method of utilizing wavelengths so as to enhance efficiency. 

Disclosure of Invention 

15 The present invention has been conceived in the light of the above-described 

problems, and its object is to provide an optical communication network system and a 
wavelength-routing device and a communication node therefor, which can easily increase 
the number of optical paths between the communication nodes and are capable of 
increasing the transmission capacity, and which excel in flexibility and expandability. 

20 Furthermore, an object of the present invention is to provide an optical 

communication network system and a wavelength-routing device and a communication 
node therefor which provide fiill mesh connectivity in which optical paths are established 
between all the communication nodes by utilizing an arrayed-waveguide grating for 
wavelength-routing. 

25 Yet furthermore, an object of the present invention is to provide an optical path 
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management method and a device therefor, which can increase the efficiency of 
utilization of an optical cross connect device which is formed by combining small scale 
optical matrix switches. 

In order to attain the above-described objects, the present invention is an optical 
5 communication network system comprising: a plurality of communication nodes; a 
wavelength-routing device which establishes communication between the 
communication nodes based upon route control according to the wavelength of an optical 
signal; and an optical transmission line which forms a communication path which 
connects the communication nodes and the wavelength-routing device, wherein the 

10 wavelength-routing device comprises: N device input ports, where N being an integer 
greater than or equal to 2, which are connected via the optical transmission line to the 
communication nodes; N device output ports which are connected via the optical 
transmission line to the communication nodes; a plurality of wavelength-band 
demultiplexers which are provided to each of the N device input ports, and each has a 

15 single input port and a plurality of output ports, and the input port is connected to one of 
the device input ports; a plurality of wavelength-band multiplexers which are provided to 
each of the N device output ports, and each has a plurality of input ports and a single 
output port, and the output port is connected to one of the device output ports; and R 
KxK arrayed-waveguide gratings, where R being an integer greater than or equal to J and 

20 J being an integer greater than or equal to 2, which have K input ports and K output 
ports, where K being an integer that satisfies K = N, which have wavelength-routing 
characteristics in which optical signals having different wavelengths which are inputted 
to one input port are output at different output ports depending on the wavelengths of the 
inputted optical signals and in which optical signals having different wavelengths which 

25 are outputted from one output port are optical signals which have been inputted to 
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different input ports, and wherein the wavelength-band demultiplexers comprise a means 
which demultiplexes by wavelength band a wavelength division multiplexed signal in 
which a respective predetermined number of wavelengths have been wavelength division 
multiplexed for each wavelength band which is transmitted from the communication 
5 nodes, where wavelength band = central wavelength XB^ ± wavelength band width AXm, 
with XBm + AXm = XBm+i - AX^+i, where 1 = m = R-1, with m being an integer, and 
outputs the results at different output ports, the wavelength-band multiplexers comprise a 
means which multiplexes optical signals which have been inputted from the plurality of 
input ports for each wavelength band and which outputs a wavelength division 

10 multiplexed signal in which a predetermined number of wavelengths have been 

wavelength division multiplexed at the output port, the KxK arrayed-waveguide gratings 
are provided with a wavelength-routing characteristic for each wavelength band of 
central wavelength XBi ± wavelength band width AXi, central wavelength XB2 ± 
wavelength band width AX2 (XBi + AX,i < XB2 - AX2), central wavelength XB3 ± 

15 wavelength band width AX3 (XB2 + AX2 < XB3 - AX3), . . central wavelength ^Br + 
wavelength band width AXr (XBr.i + AX,r-i < XBr - AX,r), the output ports of the 
wavelength-band demultiplexers which are respectively connected to the N device input 
ports are one to one connected to the input ports of the KxK arrayed-waveguide gratings 
which have wavelength-routing characteristics at the wavelength bands of the optical 

20 signals which are outputted from the output ports of the wavelength-band demultiplexers, 
and the output ports of the KxK arrayed-waveguide gratings are one to one connected to 
the input ports of any one of the plurality of wavelength-band multiplexers which can 
multiplex optical signals of wavelengths which belong to the wavelength bands of the 
optical signals which are outputted from the output ports of the KxK arrayed-waveguide 

25 gratings. 
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According to the present invention, when, for example, an optical signal within 
the XBm ± AXm wavelength band is outputted from a predetermined communication node, 
this optical signal is transmitted along the optical transmission line and arrives at an input 
port of the wavelength-band demultiplexer of the wavelength-routing device, 
5 wavelength-band demultiplexing of the wavelength bands is performed by the 

wavelength-band demultiplexer, and the results are outputted from a predetermined 
output port. The optical signal which is outputted from the output port of the wavelength- 
band demultiplexer is inputted to an input port of the arrayed-waveguide grating 
according to its wavelength band. 

10 From the relationship between the input ports/output ports of the arrayed- 

waveguide grating and wavelengths, the optical signal which has been inputted to the 
input port of the arrayed-waveguide grating is outputted at a predetermined output port of 
the arrayed-waveguide grating. 

An optical signal which has been outputted from the output port of the arrayed- 

15 waveguide grating is inputted to an input port of the wavelength-band multiplexer, and is 
multiplexed by the wavelength-band multiplexer with optical signals of other wavelength 
bands, then being outputted from an output port. 

The optical signal which has been outputted from the output port of the 
wavelength-band multiplexer is transmitted along the optical transmission line, and 

20 arrives at a communication node. 

By doing this, when transmitting data from one communication node to another 
communication node, it is possible to utilize the optical paths for each wavelength band 
by varying the wavelength band XB^ ± AA^ of the wavelength of the optical signal which 
is transmitted from the communication node. 

25 The communication nodes and the wavelength-routing device which make up 
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the optical communication network system are connected by pairs of optical fibers in the 
same manner as in the conventional example, but, with the present invention, an arrayed- 
waveguide grating is arranged independently for each wavelength band in the 
wavelength-routing device, and by performing wavelength-band multiplexing of 
5 wavelength bands and wavelength-band demultiplexing of wavelength bands in each 

communication node and the wavelength-routing device, it is possible to form one optical 
path for each wavelength band between the communication nodes. 

Accordingly, although with the conventional technique shown in FIG. 25 it is 
possible to form only a single optical path between the communication nodes with a pair 

10 of optical transmission lines, by applying the structure of the present invention, it is 
possible to form, at a maximum, the same number of optical paths as the number of 
wavelength bands, and it is possible easily to increase the transmission capacity between 
the communication nodes. 

Furthermore, with the optical communication network system of the present 

15 invention, when increasing the number of optical paths, it will be sufficient to add the 

required equipment only between the communication nodes for which this increase of the 
number of optical paths is required, so that the flexibility and the economy are superb. 

Yet further, with a conventional optical communication system in which the 
optical paths are formed between the communication nodes by taking the wavelength- 

20 bands as units, when the number of communication nodes exceeds the number of the 

wavelength-bands, it is necessary to pass via a different communication node. In contrast, 
according td the present invention, it is possible to implement an optical communication 
network system which provides full mesh connectivity in which optical paths are 
provided between all the communication nodes. Accordingly, even if the number of 

25 communication nodes exceeds the number of the wavelength-bands, it is not necessary to 
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pass via a different communication node. 

Furthermore, in the optical communication network system of the above- 
described structure, each of the communication nodes may comprise: a Jxl wavelength- 
band multiplexer, where J being an integer greater than or equal to 2, which has J input 
5 ports IP [1], IP [2], IP [3], ... IP [J] and a single output port, and outputs at the single 
output port optical signals of wavelengths which belong to the wavelength bands of 
central wavelength XBi ± wavelength band width AXi, central wavelength XB2 ± 
wavelength band width AX,2, central wavelength XB3 ± wavelength band width A?i3, - 
central wavelength XBj ± wavelength band width AXj, which are inputted to the 

10 respective J input ports, where XBm + AA^n = A,Bm+i - AX^+i, for 1 = m = J - 1, where m 
being an integer; a plurality of wavelength division multiplexers which are provided at 
each of the input ports IP [1], IP [2], IP [3], ... IP [J] of the Jxl wavelength-band 
multiplexer, and which have two or more input ports and one output port, with the output 
ports being connected to the input ports of the Jxl wavelength-band multiplexer; and a 

15 plurality of optical transmitters which are connected to the input ports of the wavelength 
division multiplexers, and which emit light of wavelengths which belong to wavelength 
bands of central wavelengths, XBm ± wavelength band width AXm, and wherein the 
output port of the Jxl wavelength-band multiplexer may be connected via an optical 
waveguide to the device input ports of the wavelength-routing device. 

20 According to this structure, a communication node can transmit optical signals 

of different wavelengths within a different plurality of communication wavelength bands. 
Accordingly, whereas the conventional technique shown in FIG. 25 can form only a 
single optical path between the communication nodes with a pair of optical transmission 
lines, by applying the structure of the present invention, it is possible to form, as a 

25 maximum, the same number of optical paths as the number of wavelength bands, so that 



it is possible easily to increase the transmission capacity between the communication 
nodes. Furthermore, with the optical communication network system of the present 
invention, when increasing the number of optical paths, it will be sufficient to add the 
required equipment only between the communication nodes for which this increase of the 
5 number of optical paths is required, so that the flexibility and the economy are superb. 

Furthermore, in an optical communication network system of the above- 
described structure, each of the communication nodes may comprise: a IxJ wavelength- 
band demultiplexer, where J being an integer greater than or equal to 2, which has J 
output ports OP[l], OP[2], OP[3], ... OP[J] and a single input port, and which outputs at 

10 the J output ports optical signals of wavelengths which belong to the wavelength band 
widths which are inputted to the single input port of central wavelength XBi ± 
wavelength band width AXi, central wavelength XB2 ± wavelength band width AX2, 
central wavelength XB3 ± wavelength band width AX,3, central wavelength A,Bj ± 
wavelength band width /SXj , where XB^ + AX^ = A.Bn,+i - AXm+i, where m being an 

15 integer; a plurality of wavelength division demultiplexers which are provided to each of 
the output ports OP[l], OP[2], OP[3], ... OP[J] of the IxJ wavelength-band 
demultiplexer, each of which has two or more output ports and a single input port, and 
the input port is connected to one of the output ports of the IxJ wavelength-band 
demultiplexer; and a plurality of optical receivers which are cormected to the output ports 

20 of the wavelength division demultiplexers, and wherein the single input port of the IxJ 
wavelength-band demultiplexer may be connected via an optical waveguide to one of the 
device output ports of the wavelength-routing device. 

According to this structure, a communication node can receive optical signals 
of different wavelengths within a different plurality of communication wavelength bands. 

25 Accordingly, whereas the conventional technique shown in FIG. 25 can form only a 
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single optical path between the communication nodes with a pair of optical transmission 
lines, by applying the structure of the present invention, it is possible to form, as a 
maximum, the same number of optical paths as the number of wavelength bands, so that 
it is possible easily to increase the transmission capacity between the communication 
5 nodes. Furthermore, with the optical communication network system of the present ' 
invention, when increasing the number of optical paths, it will be sufficient to add the 
required equipment only between the communication nodes for which this increase of the 
number of optical paths is required, so that the flexibility and the economy are superb. 
Furthermore, in an optical communication network system of the above- 

10 described structure, each of the communication nodes may comprise: a Jxl wavelength- 
band multiplexer, where J being an integer greater than or equal to 2, which has J input 
ports IP [1], IP [2], IP [3], ... IP [J] and a single output port, and outputs at the single 
output port optical signals of wavelengths which belong to the wavelength bands of 
central wavelength XBi ± wavelength band width AX,i, central wavelength XB2 ± 

15 wavelength band width AX2, central wavelength XB3 ± wavelength band width AX3, . . ., 
central wavelength XBj ± wavelength band width AXj, which are inputted to each of the J 
input ports, where XBm + AXm = XBm+i - AXm+i, for 1 = m = J - 1, where m being an 
integer; at least one wavelength-tunable optical light source integrated optical transmitter 
which is connected to any one of the input ports IP [1], IP [2], IP [3], ... IP [J] of the Jxl 

20 wavelength-band multiplexer, which is provided with a wavelength-tunable optical light 
source which can be set to a wavelength within a wavelength band which belongs to the 
input port which is connected, and which outputs light of the wavelength; a plurality of 
wavelength division multiplexers which are provided to each of the input ports of the Jxl 
wavelength-band multiplexer, other than the input port to which the wavelength-tunable 

25 optical light source integrated optical transmitter is connected, and which have two or 
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more input ports and one output port, with the output port being connected to one of the 
input ports of the Jxl wavelength-band multiplexer; a plurality of optical transmitters 
which are connected to the input ports of the wavelength division multiplexer, and which 
emit light of wavelength which belongs to a wavelength band of central wavelength XBm 
5 ± wavelength band width AXm; a IxJ wavelength-band demultiplexer, where J being an 
integer greater than or equal to 2, which has J output ports OP[l], OP[2], OP[3], . . . 
OP [J] and a single input port, and outputs at the J output ports optical signals of 
wavelengths which belong to the wavelength band widths of central wavelength X.Bi ± 
wavelength band width AXi, central wavelength XB2 ± wavelength band width AX2, 

10 central wavelength XB3 ± wavelength band width AX3, central wavelength XBj ± 

wavelength band width AXj, which are inputted to the single input port, where ^Bm + AXm 
= XBm+i - AXm+i, for 1 = m = J, where m being an integer; an optical receiver which is 
connected to that output port, among the output ports OP[l], OP[2], OP[3], ... OP[J] of 
the IxJ wavelength-band demultiplexer, which belongs to the wavelength band to which 

15 the wavelength-tunable optical light source integrated optical transmitter is provided, and 
which receives an optical signal of the wavelength which is outputted from the 
wavelength-tunable optical light source integrated optical transmitter; a plurality of 
wavelength division demultiplexers which are provided to each of the output ports of the 
IxJ wavelength-band demultiplexer, except for the output port to which the optical 

20 receiver is connected, which have two or more output ports and a single input port, and 
the input port is connected to one of the output ports of the IxJ wavelength-band 
demultiplexer; and a plurality of optical receivers which are connected to the output ports 
of the wavelength division demultiplexers, and wherein the single input port of the IxJ 
wavelength-band demultiplexer is connected via an optical waveguide to one of the 

25 device output ports of the wavelength-routing device. 



According to this structure, an optical signal is inputted at any one of the input 
ports IP [1], IP [2], IP [3], ... IP [J] of the Jxl wavelength-band multiplexer from at least 
one wavelength-tunable optical light source integrated optical transmitter which is 
provided with the wavelength-tunable optical light source which can be set to a 
5 wavelength within the wavelength band which belongs to the input port without passing 
through the wavelength division multiplexer, and, among the output ports OP[l], OP[2], 
OP[3], ... OP[J] of the IxJ wavelength-band demultiplexer, an optical signal which has 
been outputted from an output port which belongs to a wavelength band which is 
provided to the wavelength-tunable optical light source integrated optical transmitter, in 

10 other words an optical signal of the wavelength which has been outputted from the 

wavelength-tunable optical light source integrated optical transmitter, is inputted to an 
optical receiver without passing through the optical division demultiplexer. 

Furthermore, the optical communication network system of the above-described 
structure may further comprise an optical path management means which controls an 

15 optical path between two different communication nodes, and wherein if at least one 

group of the wavelength-tunable optical light source integrated optical transmitters exists 
which are provided to all the communication nodes and which output optical signals of 
the same wavelength band, and if there are K wavelength bands, where K being an 
integer greater than or equal to 2, which belong to the input ports of the Jxl wavelength- 

20 band multiplexer which are connected to the wavelength-tunable optical light source 

integrated optical transmitters, the optical path management means may assign mutually 
different priority rankings from 1 to K to the wavelength bands which belong to the input 
ports of the Jxl wavelength-band multiplexer which are connected to the wavelength- 
tunable optical light source integrated optical transmitters, and when, among the 

25 wavelength bands which belong to the input ports of the Jxl wavelength-band 
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multiplexer which are connected to the wavelength-tunable optical light source integrated 
optical transmitters, the highest numbered priority ranking among the wavelength bands 
for which optical paths exist between x-th communication node and y-th communication 
node is number b, and the lowest numbered priority ranking among the wavelength bands 
5 for which an optical path whose start point is the x-th communication node, an optical 
path whose end point is the x-th communication node, an optical path whose start point is 
the y-th communication node, and an optical path whose end point is the y-th 
communication node do not exist is number a, and the number a is smaller than the 
number b, the optical path management means may establish an optical path between the 

10 x-th communication node and the y-th communication node upon the wavelength band of 
a-th priority ranking, and thereafter controls ON/OFF and an oscillation wavelength of 
the wavelength-tunable optical light source integrated optical transmitter so as to cancel 
the optical path which was established between the x-th communication node and the y- 
th communication node upon the wavelength band of b-th priority ranking. 

15 Furthermore, in the above-described optical network communication system, 

there may be further comprised: a database which rec?ords an optical path for each 
wavelength band; a first search means which, when a requirement has arisen newly to 
establish an optical path between xx-th communication node and yy-th communication 
node, searches in the database, in order from data which correspond to a wavelength 

20 band whose priority ranking is the lowest, for a wavelength band which is not in use by 
the xx-th communication node and the yy-th communication node; a first transmission 
means which transmits to the optical path management means a command for 
establishing an optical path according to the result of searching by the first search means; 
a first database update means which registers an optical path which has been newly 

25 established in the database; a second search means which, when a requirement for an 
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optical path which is already established between xxx-th communication node and yyy-th 
communication node has ceased, searches in the database, in order from data which 
correspond to a wavelength band whose priority ranking is the highest, for a wavelength 
band upon which an optical path is established between the xxx-th communication node 
5 and the yyy-th communication node; a second transmission means which transmits to the 
optical path management means a command for canceling an optical path according to 
the result of searching by the second search means; a second database update means 
which deletes an optical path which has been cancelled from the database; an extraction 
means which searches in the database the number b of the highest priority ranking among 

10 the wavelength bands upon which optical paths are established between the x-th 

communication node and the y-th communication node, and the number a of the lowest 
priority ranking among the wavelength bands which do not use both the x-th 
communication node and the y-th communication node, for all the combinations of x and 
y in a predetermined order, and extracts combinations of x, y, a, and b for which the 

15 number a is smaller than the number b; a third transmission means which, when an 
applicable combination exists, transmits to the optical path management means a 
command for establishing an optical path using the a-th wavelength band between the x- 
th communication node and the y-th communication node, and thereafter transmits to the 
optical path management means a command for canceling an optical path using the b-th 

20 wavelength band between the x-th communication node and the y-th communication 

node; and a database update means which registers an optical path which has been newly 
established in the database, and deletes an optical path which has been cancelled from the 
database. 

By employing this type of structure, the state is brought about in which the 
25 optical paths between the communication nodes are always arranged, so that it is possible 
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to enhance the efficiency of use of the optical cross connect device. 

Yet further, in the optical communication network system of the above- 
described structure, the KxK arrayed-waveguide gratings may have cyclic- wavelength 
characteristics. 

5 Even further, the present invention is a wavelength-routing device which is • 

provided to an optical communication network systeiri comprising a pltirality of 
communication nodes and an optical transmission line which forms a communication 
path^ connected with the communication nodes by the optical transmission line, and 
which establishes communication between the communication nodes based upon route 

10 control according to the wavelength of an optical signal, the wavelength-routing device 
comprising: N device input ports, where N being an integer greater than or equal to 2, 
which are connected via the optical transmission line to the communication nodes; N 
device output ports which are connected via the optical transmission line to the 
communication nodes; a plurality of wavelength-band demultiplexers which are provided 

15 to each of the N device input ports, and each has a single input port and a plurality of 
output ports, and the input port is connected to one of the device input ports; a plurality 
of wavelength-band multiplexers which are provided to each of the N device output 
ports, and each has a plurality of input ports and a single output port, and the output port 
is connected to one of the device output ports; and R KxK arrayed-waveguide gratings, 

20 where R being an integer greater than or equal to J and J being an integer greater than or 
equal to 2, which have K input ports and K output ports, where K being an integer that 
satisfies K = N, which have wavelength-routing characteristics in which optical signals 
having different wavelengths which are inputted to one input port are output at different 
output ports depending on the wavelengths of the inputted optical signals and in which 

25 optical signals having different wavelengths which are outputted from one output port are 
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optical signals which have been inputted to different input ports, and wherein the 
wavelength-band demultiplexers comprise a means which demultiplexes by wavelength 
band a wavelength division multiplexed signal in which a predetermined number of 
wavelengths have been wavelength division multiplexed for each wavelength band which 
5 is transmitted from the communication nodes, where wavelength band = central 

wavelength XBm ± wavelength band width AXm, with XBm + AA^ = ^Bm+i - AXm+i, where 1 
= m = R - 1, with m being an integer, and outputs the results at different output ports, the 
wavelength-band multiplexers comprise a means which multiplexes optical signals which 
have been inputted from the plurality of input ports for each wavelength band and which 

10 outputs a wavelength division multiplexed signal in which a predetemiined number of 
wavelengths have been wavelength division multiplexed at the output port, the KxK 
arrayed-waveguide gratings are provided with a wavelength-routing characteristic for 
each wavelength band of central wavelength ± wavelength band width AXi, central 
wavelength XB2 ± wavelength band width AX2 (XBi + AXi < ^,62 - AX2), central 

15 wavelength XB3 ± wavelength band width AX3 (XB2 + AX2 < ^,83 - AX3), . . central 

wavelength XBr ± wavelength band width AXr (XBr.i + AX,r.i < XBr - AA.r), the output 
ports of the wavelength-band demultiplexers which are respectively connected to the N 
device input ports are one to one connected to the input ports of the KxK arrayed- 
waveguide gratings which have wavelength-routing characteristics at the wavelength 

20 bands of the optical signals which are outputted from the output ports of the wavelengthr 
band demultiplexers, and the output ports of the KxK arrayed-waveguide gratings are one 
to one connected to the input ports of any one of the plurality of wavelength-band 
multiplexers which can multiplex optical signals of wavelengths which belong to the 
wavelength bands of the optical signals which are outputted from the output ports of the 

25 KxK arrayed-waveguide gratings. 
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Furthermore, the present invention is an optical path management device which 
controls an optical path between two different communication nodes in an optical 
communication network system which comprises a plurality of communication nodes, a 
wavelength-routing device which establishes communication between the 
5 communication nodes based upon route control according to the wavelength of an optical 
signal, and an optical transmission line which forms a communication path which 
connects the communication nodes and the wavelength-routing device wherein the 
wavelength-routing device comprises: N device input ports, where N being an integer 
greater than or equal to 2, which are connected via the optical transmission line to the 

10 communication nodes; N device output ports which are connected via the optical 
transmission line to the communication nodes; a plurality of wavelength-band 
demultiplexers which are provided to each of the N device input ports, and each has a 
single input port and a plurality of output ports, and the input port is connected to one of 
the device input ports; a plurality of wavelength-band multiplexers which are provided to 

15 each of the N device output ports, and each has a plurality of input ports and a single 
output port, and the output port is connected to one of the device output ports; and R 
KxK arrayed-waveguide gratings, where R being an integer greater than or equal to J and 
J being an integer greater than or equal to 2, which have K input ports and K output 
ports, where K being an integer that satisfies K = N, which have wavelength-routing 

20 characteristics in which optical signals having different wavelengths which are inputted 
to one input port are output at different output ports depending on the wavelengths of the 
inputted optical signals and in which optical signals having different wavelengths which 
are outputted from one output port are optical signals which have been inputted to 
different input ports, and wherein the wavelength-band demultiplexers comprise a means 

25 which demultiplexes by wavelength band a wavelength division multiplexed signal in 
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which a predetermined number of wavelengths have been wavelength division 
multiplexed for each wavelength band which is transmitted from the communication 
nodes, wherein wavelength band = central wavelength XBm ± wavelength band width 
AXm, with XBjn + AXm = A,Bm+i - AX^+i, where 1 = m = R - 1, with m being an integer, and 
5 outputs the results at different output ports, the wavelength-band multiplexers comprise a 
means which multiplexes optical signals which have been inputted from the plurality of 
input ports for each wavelength band and which outputs a wavelength division 
multiplexed signal in which a predetermined number of wavelengths have been 
wavelength division multiplexed at the output port, the KxK arrayed-waveguide gratings 

10 are provided with a wavelength-routing characteristic for each wavelength band of 
central wavelength XBi ± wavelength band width AXi, central wavelength XBz ± 
wavelength band width AX2 (XBi + AXi < XB2 - AXz), central wavelength ^,63 ± 
wavelength band width AX3 (XB2 + AX2 < XB3 - AX3), . . central wavelength XBr ± 
wavelength band width AXr (XB^a + AXr.i < XBr - AXr), the output ports of the 

15 wavelength-band demultiplexers which are respectively connected to the N device input 
ports are one to one connected to the input ports of the KxK arrayed-waveguide gratings 
which have wavelength-routing characteristics at the wavelength bands of the optical 
signals which are outputted from the output ports of the wavelength-band demultiplexers, 
and the output ports of the KxK arrayed-waveguide gratings are one to one connected to 

20 the input ports of any one of the plurality of wavelength-band multiplexers which can 
multiplex optical signals of wavelengths which belong to the wavelength bands of the 
optical signals which are outputted from the output ports of the KxK arrayed-waveguide 
gratings, and each of the communication nodes comprises: a Jxl wavelength-band 
multiplexer, where J being an integer greater than or equal to 2, which has J input ports 

25 IP [1], IP [2], IP [3], ... IP [J] and a single output port, and outputs at the single output 
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port optical signals of wavelengths which belong to the wavelength bands of central 
wavelength XBi ± wavelength band width AXu central wavelength X.B2 ± wavelength 
band width central wavelength XB3 ± wavelength band width AXsy central 
wavelength XBj ± wavelength band width AXj, which are inputted to each of the J input 
5 ports, where XBm + AX„, = XBm+i - A)^+i, for 1 = m = J - 1, where m being an integer;;at 
least one wavelength-tunable optical light source integrated optical transmitter which is 
connected to any one of the input ports IP [1], IP [2], IP [3], ... IP [J] of the Jxl 
wavelength-band multiplexer, which is provided with a wavelength-tunable optical light 
source which can be set to a wavelength within a wavelength band which belongs to the 

10 input port which is connected, and which outputs light of the wavelength; a plurality of 
wavelength division multiplexers which are provided to each of the input ports of the Jxl 
wavelength-band multiplexer, other than the input port to which the wavelength-tunable 
optical light source integrated optical transmitter is connected, and which have two or 
more input ports and one output port, with the output port being connected to one of the 

15 input ports of the Jxl wavelength-band multiplexer; a plurality of optical transmitters 

which are connected to the input ports of the wavelength division multiplexer, and which 
emit light of wavelength which belongs to a wavelength band of central wavelength XBm 
± wavelength band width AXm; a IxJ wavelength-band demultiplexer, where J being an 
integer greater than or equal to 2, which has J output ports OP[l], OP[2], OP[3], ... 

20 OP[J] and a single input port, and outputs at the J output ports optical signals of 

wavelengths which belong to the wavelength band widths of central wavelength XBi ± 
wavelength band width AXi, central wavelength XB2 ± wavelength band width AX2, 
central wavelength XB3 ± wavelength band width AX,3, central wavelength XBj ± 
wavelength band width A^j, which are inputted to the single input port, where X,Bm + AXm 

25 = XBm+i - AXm+i, for 1 = m = J, where m being an integer; an optical receiver which is 
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connected to that output port, among the output ports OP[l], OP[2], OP[3], . OP[J] of 
the IxJ wavelength-band demultiplexer, which belongs to the wavelength band to which 
the wavelength-tunable optical light source integrated optical transmitter is provided, and 
which receives an optical signal of the wavelength which is outputted from the 
5 wavelength-tunable optical light source integrated optical transmitter; a plurality of 

wavelength division demultiplexers which are provided to each of the output ports of the 
IxJ wavelength-band demultiplexer, except for the output port to which the optical 
receiver is connected, which have two or more output ports and a single input port, and 
the input port is connected to one of the output ports of the IxJ wavelength-band 

10 demultiplexer; and a plurality of optical receivers which are connected to the output ports 
of the wavelength division demultiplexers; and wherein the single input port of the IxJ 
wavelength-band demultiplexer is connected via an optical waveguide to one of the 
device output ports of the wavelength-routing device, and wherein the optical path 
management device comprises: a means which, if at least one group of the wavelength- 

15 tunable optical light source integrated optical transmitters exists which are provided to all 
the communication nodes and which output optical signals of the same wavelength band, 
and if there are K wavelength bands, where K being an integer greater than or equal to 2, 
which belong to the input ports of the Jxl wavelength-band multiplexer which are 
connected to the wavelength-tunable optical light source integrated optical transmitters, 

20 assigns mutually different priority rankings from 1 to K to the wavelength bands which 
belong to the input ports of the Jxl wavelength-band multiplexer which are connected to 
the wavelength-tunable optical light source integrated optical transmitters; a means 
which detects that, among the wavelength bands which belong to the input ports of the 
Jxl wavelength-band multiplexer which are connected to the wavelength-tunable optical 

25 light source integrated optical transmitters, the highest numbered priority ranking among 
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the wavelength bands of optical paths between x-th communication node and y-th 
communication node is number b, and the lowest numbered priority ranking among the 
wavelength bands which are not used for an optical path whose start point is the x-th 
communication node, an optical path whose end point is the Xrth communication node, 
5 an optical path whose start point is the y-th communication node, and an optical path; 
whose end point is the y-th communication node is number a, and the number a is 
smaller than the number b; and a means which, if it has been detected that the number a 
is smaller than the number b, establishes an optical path between the x-th communication 
node and the y-th communication node upon the wavelength band of a-th priority 

10 ranking, and thereafter controls ON/OFF and an oscillation wavelength of the 

wavelength-tunable optical light source integrated optical transmitter so as to cancel the 
optical path which was established between the x-th communication node and the y-th 
communication node upon the wavelength band of b-th priority ranking. 

Furthermore, the present invention is an optical path management method 

15 which controls an optical path between two different communication nodes in an optical 
communication network system which comprises a plurality of communication nodes, a 
wavelength-routing device which establishes communication between the 
communication nodes based upon route control according to the wavelength of an optical 
signal, and an optical transmission line which forms a communication path which 

20 connects the communication nodes and the wavelength-routing device, wherein the 
wavelength-routing device comprises: N device input ports, where N being an integer 
greater than or equal to 2, which are connected via the optical transmission line to the 
communication nodes; N device output ports which are connected via the optical 
transmission line to the communication nodes; a plurality of wavelength-band 

25 demultiplexers which are provided to each of the N device input ports, and each has a 
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single input port and a plurality of output ports, and the input port is connected to one of 
the device input ports; a plurality of wavelength-band multiplexers which are provided to 
each of the N device output ports, and each has a plurality of input ports and a single 
output port, and .the output port is connected to one of the device output ports; and R 
5 KxK arrayed-waveguide gratings, where R being an integer greater than or equal to J and 
J being an integer greater than or equal to 2, which have K input ports and K output 
ports, where K being an integer that satisfies K = N, which have wavelength-routing 
characteristics in which optical signals having different wavelengths which are inputted 
to one input port are output at different output ports depending on the wavelengths of the 

10 inputted optical signals and in which optical signals having different wavelengths which 
are outputted from one output port are optical signals which have been inputted to 
different input ports, wherein the wavelength-band demultiplexers comprise a means 
which demultiplexes by wavelength band a wavelength division multiplexed optical 
signal in which a predetermined number of wavelengths have been wavelength division 

15 multiplexed for each wavelength band which is transmitted from the communication 

nodes, where wavelength band = central wavelength XBm ± wavelength band width AA^, 
with XBm + = XBrn^i - AXm+i, where 1 = m = R - 1, with m being an integer, and 
outputs the results at different output ports, the wavelength-band multiplexers comprise a 
means which multiplexes optical signals which have been inputted from the plurality of 

20 input ports for each wavelength band and which outputs a wavelength division 
multiplexed signal in which a predetermined number of wavelengths have been 
wavelength division multiplexed at the output port, the KxK arrayed-waveguide gratings 
are provided with a wavelength-routing characteristic for each wavelength band of 
central wavelength XBi ± wavelength band width AXi, central wavelength AJB2 ± 

25 wavelength band width AX2 (XBi + AXi < X,B2 - AX2), central wavelength XB3 ± 
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wavelength band width AX3 (XB2 + AX2 < >.B3 - AX3), . . central wavelength XBr ± 
wavelength band width AXr (XBr.i + AXr.i < >.Br - AXr), the output ports of the 
wavelength-band demultiplexers which are respectively connected to the N device input 
ports are one to one connected to the input ports of the KxK arrayed-waveguide gratings 
5 which have wavelength-routing characteristics at the wavelength bands of the optical 

signals which are outputted from the output ports of the wavelength-band demultiplexers, 
and the output ports of the KxK arrayed-waveguide gratings are one to one connected to 
the input ports of any one of the plurality of wavelength-band multiplexers which can 
multiplex optical signals of wavelengths which belong to the wavelength bands of the 

iO optical signals which are outputted from the output ports of the KxK arrayed-waveguide 
gratings, and each of the communication nodes comprises: a Jxl wavelength-band 
multiplexer, where J being an integer greater than or equal to 2, which has J input ports 
IP [1], IP [2], IP [3], ... IP [J] and a single output port, and outputs at the single output 
port optical signals of wavelengths which belong to the wavelength bands of centrkl 

15 wavelength XBi ± wavelength band width AXi, central wavelength XB2 ± wavelength 
band width AX.2, central wavelength XB3 ± wavelength band width A^3, • central 
wavelength X,Bj ± wavelength band width AXj, which are inputted to each of the J input 
ports, where XBm + AX™ = XBm+i - AX^+i, for 1 = m = J - 1, where m being an integer; at 
least one wavelength-tunable optical light source integrated optical transmitter which is 

20 connected to any one of the input ports IP [1], IP [2], IP [3], ... IP [J] of the Jxl 

wavelength-band multiplexer, which is provided with a wavelength-tunable optical light 
source which can be set to a wavelength within a wavelength band which belongs to the 
input port which is connected, and which outputs light of the wavelength; a plurality of 
wavelength division multiplexers which are provided to each of the input ports of the Jxl 

25 wavelength-band multiplexer, other than the input port to which the wavelength-tunable 



( 
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optical light source integrated optical transmitter is connected, and which have two or 
more input ports and one output port, with the output port being connected to one of the 
input ports of the Jxl wavelength-band multiplexer; a plurality of optical transmitters 
which are connected to the input ports of the wavelength division multiplexer, and which 
5 emit light of wavelength which belongs to a wavelength band of central wavelength XBm 
± wavelength band width AXm; a IxJ wavelength-band demultiplexer, where J being an 
integer greater than or equal to 2, which has J output ports OP[l], OP[2], OP[3], 
OP[J] and a single input port, and outputs at the J output ports optical signals of 
wavelengths which belong to the wavelength band widths of central wavelength XBi ± 

10 wavelength band width /SXu central wavelength XB2 ± wavelength band width 

central wavelength XB3 ± wavelength band width central wavelength XBj ± 

wavelength band width AXj, which are inputted to the single input port, where XBm + AA^ 
= ^^Bm+i - AXm+i, for 1 = m = J, where m being an integer; an optical receiver which is 
connected to that output port, among the output ports OP[l], OP[2], OP[3], . . . OP[J] of 

15 the IxJ wavelength-band demultiplexer, which belongs to the wavelength band to which 
the wavelength-tunable optical light source integrated optical transmitter is provided, and 
which receives an optical signal of the wavelength which is outputted from the 
wavelength-tunable optical light source integrated optical transmitter; a plurality of 
wavelength division demultiplexers which are provided to each of the output ports of the 

20 IxJ wavelength-band demultiplexer, except for the output port to which the optical 

receiver is connected, which have two or more output ports and a single input port, and 
the input port is connected to one of the output ports of the IxJ wavelength-band 
demultiplexer; and a plurality of optical receivers which are connected to the output ports 
of the wavelength division demultiplexers, and wherein the single input port of the IxJ 

25 wavelength-band demultiplexer is connected via an optical waveguide to one of the 
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device output ports of the wavelength-routing device, and the optical path management 
method comprises: a step of, if at least one group of the wavelength-tunable optical light 
source integrated optical transmitters exists which are provided to all the communication 
nodes and which output optical signals of the same wavelength band, and if there are K 
5 wavelength bands, where K being an integer greater than or equal to 2, which belong to 
the input ports of the Jxl wavelength-band multiplexer which are connected to the 
wavelength-tunable optical light source integrated optical transmitters, assigning 
mutually different priority rankings from 1 to K to the wavelength bands which belong to 
the input ports of the Jxl wavelength-band multiplexer which are connected to the 

10 wavelength-tunable optical light source integrated optical transmitters; a step of, when, 
among the wavelength bands which belong to the input ports of the Jxl wavelength-band 
multiplexer which are connected to the wavelength-tunable optical light source integrated 
optical transmitter, the highest numbered priority ranking among the wavelength bands 
for which an optical path exists between x-th communication node and y-th 

15 communication node is number b, and the lowest numbered priority ranking among the 
wavelength bands for which an optical path whose start point is the x-th communication 
node, an optical path whose end point is the x-th communication node, an optical path 
whose start point is the y-th communication node, and an optical path whose end point is 
the y-th communication node do not exist is number a, and the number a is smaller than 

20 the number b; and controlling ON/OFF and an oscillation wavelength of the wavelength- 
tunable optical light source integrated optical transmitter so as to establish an optical path 
between the x-th communication node and the y-th communication node upon the 
wavelength band of a-th priority ranking; and a step of establishing an optical path 
between the x-th communication node and the y-th communication node upon the 

25 wavelength band of the a-th priority ranking, and thereafter controlling ON/OFF and the 
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oscillation wavelength of the wavelength-tunable optical light source integrated optical 
transmitter so as to cancel the optical path which was established between the x-th 
communication node and the y-th communication node upon the wavelength band of b-th 
priority ranking. 

5 Yet further, the present invention is an optical path management program which 

causes a computer to execute the steps of the above-described optical path management 
method. 

Even yet further, the present invention is a recording medium which can be 
read by a computer, upon which this optical path management program is recorded. 

10 

Brief Description of Drawings 
FIG. 1 is a figure showing the overall structure of an optical communication 
system according to the first embodiment according to the present invention. 

FIG. 2 is a figure for explanation of a wavelength-band demultiplexer of the 
15 optical communication system according to the first embodiment according to the present 
invention. 

FIG. 3 is a figure for explanation of a wavelength-band multiplexer of the 
optical communication system according to the first embodiment according to the present 
invention. 

20 FIG. 4 is a figure showing the relationship between the input and output ports 

of an arrayed-waveguide grating and wavelengths, for the first embodiment according to 
the present invention. 

FIG. 5 is a figure showing the relationship between the input and output ports 
of an arrayed-waveguide grating and wavelength, for the first embodiment according to 

25 the present invention. 
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FIG. 6 is a figure showing the relationship between the input and output ports 
of an arrayed-waveguide grating and wavelength, for the first embodiment according to 
the present invention. 

FIG. 7 is a figure showing the relationship between the input and output ports 
5 of an arrayed-waveguide grating and wavelength, for the first embodiment according to 
the present invention. 

FIG. 8 is a block diagram showing the structure of optical transceiver sections 
of respective communication nodes, in the first embodiment according to the present 
invention. 

10 FIG. 9 is a block diagram for the second embodiment according to the present 

invention, showing a structural example of initial construction of an optical transceiver 
section of a communication node. 

FIG. 10 is a block diagram for a communication node of the second 
embodiment according to the present invention, for explanation of a structural example 
15 after increase of an optical transceiver section of a different wavelength band. 

FIG. 11 is a block diagram for a communication node of the second 
embodiment according to the present invention, for explanation of a structural example 
after increase of an optical transceiver section of a different wavelength band. 

FIG. 12 is a block diagram showing a structural example of an optical 
20 transceiver section of a communication node of the third embodiment according to the 
present invention. 

FIG. 13 is a block diagram for explanation of the structure of an optical 
transceiver section of respective communication nodes of the fourth embodiment 
according to the present invention. 
25 FIGS. 14A through 14H are block diagrams showing the structure of a 
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transmission module and a reception module in the fourth embodiment according to the 
present invention. 

FIG. 15 is a block diagram showing the connection relationship of a control 
device for transceiver and an optical path management device, in the fourth embodiment 
5 according to the present invention. 

FIG. 16 is a block diagram showing the structure of an optical path management 
device in the fourth embodiment according to the present invention. 

FIG. 17 is a figure showing an example of a database of an optical path 
management device of the fourth embodiment according to the present invention. 
10 FIG. 18 is a structural diagram of the fifth embodiment according to the present 

invention. 

FIG 19A through 19D are explanatory figures showing an example of a database 
in which optical paths of an optical matrix switch is recorded. 

FIG 20 is a flowchart of the processing of the optical path management device 
15 of the fifth embodiment according to the present invention. 

FIG 21 is a flowchart of the processing of the optical path management device 
of the fifth embodiment according to the present invention. 

FIG 22 is a flowchart of the processing of the optical path management device 
of the fifth embodiment according to the present invention. 
20 FIG 23 is a structural diagram showing the sixth embodiment according to the 

present invention. 

FIG 24 is a structural diagram showing the seventh embodiment according to 
the present invention. 

FIG 25 is a block diagram showing the structure of a conventional optical 
25 communication network system based on wavelength path routing which is implemented 
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using an arrayed-waveguide grating. 

FIG. 26 is a figure showing the relationship between the input and output ports 
of the conventional arrayed-waveguide grating and wavelengths. 

FIG. 27 is a figure showing the relationship between the input and output ports 
5 of the conventional arrayed-waveguide grating and wavelengths. 

FIG. 28 is a block diagram showing a structural example of a conventional 
optical network system which takes advantage of a wavelength-band. 

FIG. 29 is a block diagram showing another structural example of a 
conventional optical network system which takes advantage of a wavelength-band. 
10 FIG 30 is a structural diagram showing an example of a conventional optical 

cross connect device. 

FIGS. 31 A through 3 ID are explanatory figures showing an example of optical 
paths between input optical fibers and output optical fibers, when the optical paths are 
not arranged. 

15 FIGS. 32A through 32D are explanatory figures showing an example of optical 

paths between input optical fibers and output optical fibers, when the optical paths are 
arranged. 

Best Mode for Carrying Out the Invention 
In the following, respective embodiments according to the present invention 
will be explained based upon the figures. 

It should be understood that although, in the first through the fourth 
embodiments according to the present invention, the explanation is made by taking 4 as 
the number N of both the device input ports and the device output ports of the 
wavelength-routing device in the optical communication network system according to the 



20 



25 
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present invention, this is not to be considered as being limiting; provided that N is an 
integer greater than or equal to 2, this will be acceptable. 

THE FIRST EMBODIMENT 
5 FIG. 1 is a structural figure showing the optical communication network system 

of the first embodiment according to the present invention. In FIG. 1, 200-1 through 200- 
4 are communication nodes, 210 is a wavelength-routing device, and 250-1 through 250- 
4 and 260-1 through 260-4 are optical transmission lines (optical fibers) which connect 
the communication nodes 200-1 through 200-4 and the wavelength-routing device 210. 

10 Furthermore, the wavelength-routing device 210 comprises four device input 

ports 210-11 through 210-14 and four device output ports 210-21 through 210-24, 
wavelength-band demultiplexers 220-1 through 220-4, wavelength-band multiplexers 
230-1 through 230-4, and 4x4 arrayed-waveguide gratings 241 through 244. 

The communication node 200-1, along with being connected to the first device 

15 input port 210-11 of the wavelength-routing device 210 via the optical trailsmission line 
250-1, is also connected to the first device output port 210-21 of the wavelength-routing 
device 210 via the optical transmission line 260-1. 

The communication node 200-2, along with being connected to the second 
device input port 210-12 of the wavelength-routing device 210 via the optical 

20 transmission line 250-2, is also connected to the second device output port 210-22 of the 
wavelength-routing device 210 via the optical transmission line 260-2. 

The communication node 200-3, along with being connected to the third device 
input port 210-13 of the wavelength-routing device 210 via the optical transmission line 
250-3, is also connected to the third device output port 210-23 of the wavelength-routing 

25 device 210 via the optical transmission line 260-3. 
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The communication node 200-4, along with being connected to the fourth 
device input port 210-14 of the wavelength-routing device 210 via the optical 
transmission line 250-4, is also connected to the fourth device output port 210-24 of the 
wavelength-routing device 210 via the optical transmission line 260-4. 
5 Each of the wavelength-band demultiplexers 220-1 through 220-4 comprises a 

single input port 221 and four output ports 222-1 through 222-4, and the input port 221 
of the first wavelength-band demultiplexer 220-1 is connected to the first device input 
port 210-11. Furthermore, the input port 221 of the second wavelength-band 
demultiplexer 220-2 is connected to the second device input port 210-12, the input port 

10 221 of the third wavelength-band demultiplexer 220-3 is connected to the third device 
input port 210-13, and the input port 221 of the fourth wavelength-band demultiplexer 
220-4 is connected to the fourth device input port 210-14. 

Each of the wavelength-band multiplexers 230-1 through 230-4 comprises a 
single output port 232 and four input ports 232-1 through 232-4, and the output port 232 

15 of the first wavelength-band multiplexer 230-1 is connected to the first device output port 
210-11. Furthermore, the output port 232 of the second wavelength-band multiplexer 
230-2 is connected to the second device output port 210-22, the output port 232 of the 
third wavelength-band multiplexer 230-3 is connected to the third device output port 
210-23, and the output port 232 of the fourth wavelength-band multiplexer 230-4 is 

20 connected to the fourth device output port 210-24. 

It should be understood that each of the wavelength-band demultiplexers 220-1 
through 220-4 and each of the wavelength-band multiplexers 230-1 through 230-4 may, 
for example, be made using a dielectric multilayer filter, an optical coupler which is 
made with an optical fiber, or an optical coupler which is made with a planar optical 

25 waveguide, or the like. 
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The 4x4 arrayed-waveguide grating 241 is made, for example, from a quartz 
type optical waveguide, and, along with having a cyclic-wavelength characteristic, also 
has four input ports 2411-1 through 2411-4 and four output ports 2412-1 through 2412-4; 
and the first through the fourth input ports 2411-1 through 2411-4 are respectively 
5 connected in one to one correspondence to the first output ports 222-1 of the first through 
the fourth wavelength-band demultiplexers 220-1 through 220-4 in the order described, 
while the first through the fourth output ports 2412-1 through 2412-4 are respectively 
connected in one to one correspondence to the first input ports 231-1 of the first through 
the fourth wavelength-band multiplexers 230-1 through 230-4 in the order described. 

10 The 4x4 arrayed-waveguide grating 242 has four input ports 2421-1 through 

2421-4 and four output ports 2422-1 through 2422-4; and the first through the fourth 
input ports 2421-1 through 2421-4 are respectively connected in one to one 
correspondence to the second output ports 222-2 of the first through the fourth 
wavelength-band demultiplexers 220-1 through 220-4 in the order described, while the 

15 first through the fourth output ports 2422-1 through 2422-4 are respectively connected in 
one to one correspondence to the second input ports 231-2 of the first through the fourth 
wavelength-bahd multiplexers 230-1 through 230-4 in the order described. 

The 4x4 arrayed-waveguide grating 243 has four input ports 2431-1 through 
2431-4 and four output ports 2432-1 through 2432-4; and the first through the fourth 

20 input ports 2431-1 through 2431-4 are respectively connected in one to one 

correspondence to the third output ports 222-3 of the first through the fourth wavelength- 
band demultiplexers 220-1 through 220-4 in the order described, while the first through 
the fourth output ports 2432-1 through 2432-4 are respectively connected in one to one 
correspondence to the third input ports 231-3 of the first through the fourth wavelength- 

25 band multiplexers 230-1 through 230-4 in the order described. 
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The 4x4 arrayed-waveguide grating 244 has four input ports 2441-1 through 
2441-4 and four output ports 2442-1 through 2442-4; and the first through the fourth 
input ports 2441-1 through 2441-4 are respectively connected in one to one 
correspondence to the fourth output ports 222-4 of the first through the fourth 
5 wavelength-band demultiplexers 220-1 through 220-4 in the order described, while the 
first through the fourth output ports 2442-1 through 2442-4 are respectively connected in 
one to one correspondence to the fourth input ports 231-4 of the first through the fourth 
wavelength-band multiplexers 230-1 through 230-4 in the order described. 

Next, the components which make up the wavelength-routing device 210 will 

10 be explained in detail. 

As shown in FIG. 2, the wavelength-band demultiplexer 220 (220-1 through 
220-4) has a single input port 221 and four output ports 222-1 through 222-4, and an 
optical signal whose wavelength is included in the wavelength band XBi ± AXi (where 
XBi and AXi respectively denote wavelengths) is outputted from the first output port 222- 

15 1, while an optical signal whose wavelength is included in the wavelength band XB2 ± 
AX2 (where XB2 and AX2 respectively denote wavelengths) is outputted from the second 
output port 222-2. Furthermore, an optical signal whose wavelength is included in the 
wavelength band XB3 ± AX3 (where XB3 and AX3 respectively denote wavelengths) is 
outputted from the third output port 222-3, while an optical signal whose wavelength is 

20 included in the wavelength band XB4 ± AX4 (where XB4 and AX4 respectively denote 
wavelengths) is outputted from the fourth output port 222-4. 

This embodiment employs the wavelength-band demultiplexers 220-1 through 
220-4 which use dielectric multilayer filters, X,Bi = 1511 nm, XB2 = 1531 nm, XB3 = 1551 
nm, XB4 = 1571 nm, and AXi = AX2 = AX,3 = AX4 = 9 nm. 

25 As shown in FIG. 3, the wavelength-band multiplexer 230 (230-1 through 230- 
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4) has four input ports 231-1 through 231-4 and a single output port 232; and: an optical 
signal whose wavelength is included in the wavelength band XBi ± Aki (where XBi and 
AXi respectively denote wavelengths) is inputted to the first input port 231-1; an optical 
signal whose wavelength is included in the wavelength band XB2 ± AX2 (where XB2 and 
5 AX2 respectively denote wavelengths) is inputted to the second input port 231-2; an ' 
optical signal whose wavelength is included in the wavelength band XB3 ± AX3 (where 
XB3 and AX3 respectively denote wavelengths) is inputted to the third input port 231-3; 
and an optical signal whose wavelength is included in the wavelength band XB4 ± AX4 
(where XB4 and AX4 respectively denote wavelengths) is inputted to the fourth input port 

10 231-4; and the optical signals which have been inputted to these four input ports 231-1 
through 231-4 are multiplexed and are outputted from the output port 232. 

This embodiment uses the wavelength-band multiplexers 230-1 through 230-4 
which use dielectric multilayer filters, ^Bi = 1511 nm, XB2 = 1531 nm, XB3 = 1551 nm, 
A,B4 = 1571 nm, and AXi = AX2 = AX,3 = A)l4 = 9 nm. 

15 As previously described, the arrayed-waveguide gratings 241 through 244 have 

four input ports and four output ports, and the arrayed-waveguide grating 241 is one 
whose wavelength-routing characteristic is designed for a wavelength which is included 
in the wavelength band XBy ± AXi, and the relationship between its respective input and 
output ports and the wavelengths Xll, ^12, A,13, and X14 is as shown in FIG. 4. 

20 Moreover, it is arranged for XI 1, Xll, X13, and X14 to be mutually different, and for the 
relationship XBi - AXi < XI 1, X12, X13, X14 < XBi + AXi to be satisfied. 

The arrayed-waveguide grating 242 is one whose wavelength-routing 
characteristic is designed for a wavelength which is included in the wavelength band XB2 
± AX2, and the relationship between its respective input and output ports and the 

25 wavelengths X21, X22, X23, and X24 is as shown in FIG. 5. Moreover, it is arranged for 
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X21, 3i22, X23, and X2A to be mutually different, and for the relationship XB2 - AX2 < X21, 
X22, X23, X24 < XB2 + AX2 to be satisfied. 

The arrayed-waveguide grating 243 is one whose wavelength-routing 
characteristic is designed for a wavelength which is included in the wavelength band XB3 
5 ± AX3, and the relationship between its respective input and output ports and the 

wavelengths X31, 732, and 734 is as shown in FIG. 6. Moreover, it is arranged for 
X31, A32, >33, and X34 to be mutually different, and for the relationship XB3 - AX3 < X31, 
X32, ^3, X34 < XB3 + AX3 to be satisfied. 

The arrayed-waveguide grating 244 is one whose wavelength-routing 
10 characteristic is designed for a wavelength in included in the wavelength band XB4 ± 
and the relationship between its respective input and output ports and the wavelengths 
X4h X42, X43, and X44 is as shown in FIG. 7. Moreover, it is arranged for X4l, X42, X43, 
and 3i44 to be mutually different, and for the relationship XBa - < X41, ^42, X43, X44 
< XB4 + AX4 to be satisfied. 
15 It should be understood that, in this embodiment, quartz type optical waveguide 

types are used as the arrayed-waveguide gratings 241 through 244. 

Next, the structure of the communication nodes 200-1 through 200-4 will be 
explained. 

FIG. 8 is a block diagram showing the structure of the optical transceiver 
20 section of each of the communication nodes 200-1 through 200-4. In FIG. 8, 201 denotes 
an optical transceiver section, 250 denotes an optical transmission line which conducts 
the optical signals which have been outputted from the communication node 200-1 
through 200-4 to the wavelength-routing device 210, and 260 is an optical transmission 
line which conducts the optical signal which has been outputted from the wavelength- 
25 routing device 210 to the communication nodes 200-1 through 200-4. 



43 

The optical transceiver section 201 comprises a wavelength-band multiplexer 
230 which has four input ports and one output port, a wavelength-band demultiplexer 
220 which has one input port and four output ports, four optical transmission sections 
290-1 through 290-4, and four optical reception sections 300-1 through 300-4. 
5 It should be understood that each of the wavelength-band demultiplexer 220 

and the wavelength-band multiplexer 230 is made using, for example, a dielectric 
multilayer filter, an optical coupler which is made with an optical fiber, or an optical 
coupler which is made with a planar optical waveguide, or the like. 

The optical transmission line 250 is connected to the output port 230-21 of the 

10 wavelength-band multiplexer 230, and the optical signal output from the first optical 
transmission section 290-1 is inputted to the first input port 230-11. Furthermore, the 
optical signal output from the second optical transmission section 290-2 is inputted to the 
second input port 230-12 of the wayelength-band multiplexer 230; the optical signal 
output from the third optical transmission section 290-3 is inputted to the third input port 

15 230-13; and the optical signal output from the fourth optical transmission section 290-4 
is inputted to the fourth input port 230-14. 

The first optical transmission section 290-1 is an optical transmission section of 
the wavelength band XBi ± AXi, and comprises a wavelength division multiplexer 271 
which has four input ports 271-11 through 271-14 and one output port 271-21, and four 

20 optical transmitters 2711-1 through 2711-4 which are connected to the input ports 271-11 
through 271-14. Furthermore, the optical transmitters 2711-1 through 2711-4 convert 
electrical data signals which have been inputted into optical signals of respective 
wavelengths A,ll, X12, X13, and X14 and outputs them. 

The second optical transmission section 290-2 is an optical transmission section 

25 of the wavelength band XB2 ± AA.2, and comprises a wavelength division multiplexer 272 
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which has four input ports 272-11 through 272-14 and one output port 272-21, and four 
optical transmitters 2712-1 through 2712-4 which are connected to the input ports 272-11 
through 272-14. Furthermore, the optical transmitters 2712-1 through 2712-4 convert 
electrical data signals which have been inputted into optical signals of respective 
5 wavelengths ^21, X22, X23, and X24 and outputs them. 

The third optical transmission section 290-3 is an optical transmission section 
of the wavelength band XB3 ± AX3, and comprises a wavelength division multiplexer 273 
which has four input ports 273-11 through 273-14 and one output port 273-21, and four 
optical transmitters 2713-1 through 2713-4 which are connected to the input ports 273-11 

10 through 273-14. Furthermore, the optical transmitters 2713-1 through 2713-4 convert 
electrical data signals which have been inputted into optical signals of respective 
wavelengths A31, X32, X33, and 734 and outputs them. 

The fourth optical transmission section 290-4 is an optical transmission section 
of the wavelength band >.B4 ± AX4, and comprises a wavelength division multiplexer 274 

15 which has four input ports 274-11 through 274-14 and one output port 274-21, and four 
optical transmitters 2714-1 through 2714-4 which are connected to the input ports 274-11 
through 274-14. Furthermore, the optical transmitters 2714-1 through 2714-4 convert 
electrical data signals which have been inputted into optical signals of respective 
wavelengths Ml, X42, X43, and X44 and outputs them. 

20 The optical transmission line 260 is connected to the input port 220-11 of the 

wavelength-band demultiplexer 220, and the optical signal which is outputted from the 
first output port 220-21 is inputted to the first optical reception section 300-1. 
Furthermore, the optical signal which is outputted from the second output port 220-22 of 
the wavelength-band demultiplexer 220 is inputted to the second optical reception section 

25 300-2, the optical signal which is outputted from the third output port 220-23 is inputted 
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to the third optical reception section 300-3, and the optical signal which is outputted from 
the fourth output port 220-24 is inputted to the fourth optical reception section 300-4. 

The first optical reception section 300-1 comprises a wavelength division 
demultiplexer 281 which comprises one input port 281-11 and four output ports 281-21 
5 through 281-24, and four optical receivers 2811-1 through 2811-4 which are connected to 
the output ports 281-21 through 281-24. 

The wavelength division demultiplexer 281 is one whose wavelength division 
demultiplexing characteristic is designed for a wavelength which is included in the 
wavelength band XBi ± AXi, and, when optical signals of wavelengths X.11, X12, X,13, and 

10 X14 are inputted to its input port 281-11, the optical signal of the wavelength Xll is 
outputted at the first output port 281-21, the optical signal of the wavelength X12 is 
outputted at the second output port 281-22, the optical signal of the wavelength X13 is 
outputted at the third output port 281-23, and the optical signal of the wavelength X.14 is 
outputted at the fourth output port 281-24. Furthermore, each of the four optical receivers 

15 2811-1 through 2811-4 converts the optical signal which has been inputted into an 
electrical signal, and outputs it as a data signal. 

The second optical reception section 300-2 comprises a wavelength division 
demultiplexer 282 which comprises one input port 282-11 and four output ports 282-21 
through 282-24, and four optical receivers 2812-1 through 2812-4 which are connected to 

20 the output ports 282-21 through 282-24. 

The wavelength division demultiplexer 282 is one whose wavelength division 
demultiplexing characteristic is designed for a wavelength which is included in the 
wavelength band XB2 ± AX,2, and, when optical signals of wavelengths X21, )i22, X23, and 
X24 are inputted to its input port 282-11, the optical signal of the wavelength X,21 is 

25 outputted at the first output port 282-21, the optical signal of the wavelength X22 is 
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outputted at the second output port 282-22, the optical signal of the wavelength X23 is 
outputted at the third output port 282-23, and the optical signal of the wavelength X24 is 
outputted at the fourth output port 282-24. Furthermore, each of the four optical receivers 

2812- 1 through 2812-4 converts the optical signal which has been inputted into an 
5 electrical signal, and outputs it as a data signal. 

The third optical reception section 300-3 comprises a wavelength division 
demultiplexer 283 which comprises one input port 283-11 and four output ports 283-21 
through 283-24, and four optical receivers 2813-1 through 2813-4 which are connected to 
the output ports 283-21 through 283-24. 

10 The wavelength division demultiplexer 283 is one whose wavelength division 

demultiplexing characteristic is designed for a wavelength which is included in the 
wavelength band XB3 ± AX3, and, when optical signals of wavelengths A31, X32, X33, and 
X34 are inputted to its input port 283-11, the optical signal of the wavelength X31 is 
outputted at the first output port 283-21, the optical signal of the wavelength X32 is 

15 outputted at the second output port 283-22, the optical signal of the wavelength A33 is 
outputted at the third output port 283-23, and the optical signal of the wavelength 734 is 
outputted at the fourth output port 283-24. Furthermore, each of the four optical receivers 

2813- 1 through 2813-4 converts the optical signal which has been inputted into an 
electrical signal, and outputs it as a data signal. . 

20 TTie fourth optical reception section 300-4 comprises a wavelength division 

demultiplexer 284 which comprises one input port 284-11 and four output ports 284-21 
through 284-24, and four optical receivers 2814-1 through 2814-4 which are connected to 
the output ports 284-21 through 284-24. 

The wavelength division demultiplexer 284 is one whose wavelength division 

25 demultiplexing characteristic is designed for a wavelength which is included in the 
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wavelength band XB4 ± AA4, and, when optical signals of wavelengths Ml, X42, X43, and 
X44 are inputted to its input port 284-11, the optical signal of the wavelength X.41 is 
outputted at the first output port 284-21, the optical signal of the wavelength X,42 is 
outputted at the second output port 284-22, the optical signal of the wavelength A43 is 
5 outputted at the third output port 284-23, and the optical signal of the wavelength X44 is 
outputted at the fourth output port 284-24. Furthermore, each of the four optical receivers 
2814-1 through 2814-4 converts the optical signal which has been inputted into an 
electrical signal, and outputs it as a data signal. 

Next, the operation of the optical communication network system according to 
10 this first embodiment according to the present invention will be explained with reference 
to FIGS. 1 through 8. Here, by way of example, the case in which the communication 
node 200-1 performs data communication with the communication node 200-3 will be 
explained. 

At the communication node 200-1, the optical signal S13-p of the wavelength 
15 Xp3 which has been outputted from the optical transmitter 271p-3 of the optical 

transmission section 29d-p which is included in the optical transmitter which sends out 
the optical signal of the wavelength band XBp ± AXp (where p is an integer variable, and, 
in this embodiment, p is 1, 2, 3, or 4, and can take the same value in the explanation 
below) is outputted to the optical transmission line 250 via the wavelength division 
20 multiplexer 27p and the wavelength-band multiplexer 230. 

Furthermore, the optical signal S13-p is transmitted along the optical 
transmission line 250, and arrives at the input port 221 of the wavelength-band 
demultiplexer 220-1 of the wavelength-routing device 210 and is outputted from the 
output port 222-p. 

25 The optical signal S13-p which has been outputted from the output port 222-p is 
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inputted to the first input port 24pl-l of the arrayed-waveguide grating 24p. 

From the relationships between the input and output ports of the arrayed- 
waveguide grating 24p and wavelengths shown in FIGS. 4 through 7, the optical signal 
S13-P is outputted by the third output port 24p2-3 of the arrayed-waveguide grating 24p. 
5 The optical signal S13-p which has been outputted from the third output port 

24p2-3 of the arrayed-waveguide grating 24p is inputted to the p-th input port 231-p of 
the wavelength-band multiplexer 230-3, and is outputted from the output port 232. 

The optical signal S13-p which has been outputted from the output port 232 of 
the wavelength-band multiplexer 230-3 is transmitted along the optical transmission line 
10 260-3, and arrives at the input port 220-11 of the wavelength-band demultiplexer 220 of 
the communication node 200-3. 

The optical signal S13-p is outputted from the output port 220-2p of the 
wavelength-band demultiplexer 220 of the communication node 200-3, is inputted to the 
wavelength division demultiplexer 28p, is outputted from the output port 28p-23 of the 
15 wavelength division demultiplexer 28p, and is received by the optical receiver 281p-3. 

In this manner, when transmitting data from the communication node 200-1 to 
the communication node 200-3, it is possible to do this by using the optical signal S13-p 
of the wavelength X,p3 which is sent out from the optical transmitter 271p-3, which is 
provided in the optical transmission section 290-p of the wavelength band XBp ± AXp of 
20 the communication node 200-1. 

In other words, in this embodiment, it is possible to use the four optical paths 
S13-1, S13-2, S13-3, and S13-4. By doing the same as above, in this embodiment, it is 
possible to perform communication via four optical paths between two communication 
nodes. 

25 In the above manner, although with this embodiment, just as in the 
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conventional example, the communication nodes 200-1 through 200-4 and the 
wavelength-routing device 210 which make up the optical communication system are 
connected by a pair of optical fibers, in this embodiment, by arranging the arrayed- 
wavelength gratings 241 through 244 independently in each wavelength band in the 
5 wavelength-routing device 210, and by performing the wavelength-band multiplexing of 
wavelength bands and the wavelength-band demultiplexing of wavelength bands in each 
of the communication nodes 200-1 through 200-4 and the wavelength-routing device 
210, it is possible to establish a single optical path between the communication nodes for 
each wavelength band. 

10 Accordingly, although in the conventional example it was possible to establish 

only a single optical path between the communication nodes with one pair of optical 
fibers, by utilizing the structure of this embodiment, it is possible to establish, at 
maximum, the same number of optical paths as wavelength bands, and thus it is possible 
to increase the transmission capacity between the communication nodes in an easy 

15 manner. 

THE SECOND EMBODIMENT 

Next, the second embodiment according to the present invention will be 
explained. 

20 As has already been explained with regard to the first embodiment, although it 

is possible to establish four optical paths using four wavelength bands (the wavelength 
band XBi ± AJ^i, the wavelength band XB2 ± A)i2, the wavelength band XB3 ± and the 
wavelength band XB4 ± AX4), in the initial construction of an optical communication 
network system, as shown in FIG. 9, it is possible to provide an optical transmission 

25 section and an optical reception section of the single wavelength band XBp ± AA^ (where 
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p is an integer variable, and p is any one of 1, 2, 3, and 4) to each of the communication 
nodes 200-1 through 200-4, and thus to increase the wavelength bands according to the 
transmission capacity between the communication nodes (in FIG. 9, by way of example, 
the case of p = 1 is shown). 
5 For example, FIG. 10 is an example in which another optical transmission 

section 290-2 and another optical reception section 300-2 of a further wavelength band 
have been added to each of the communication nodes 200-1 through 200-4 of the second 
embodiment shown in FIG. 9. By doing this, two optical paths are established between 
the respective communication nodes. 

10 Yet further, although in FIG. 10 an optical transceiver section for a wavelength 

band was added to all of the communication nodes 200-1 through 200-4, it would also be 
possible to add a wavelength band only between those communication nodes for which it 
is desired to add a communication band. For example, an initial optical communication 
network structure may be supposed which is made up from the communication node 200- 

15 1 through the communication node 200-4 as shown in FIG. 9, and each of the 
communication nodes 200-1 through 200-4 has established an optical path at the 
wavelength band XBi ± AXi for performing communication. 

Subsequently, if an additional communication band (an optical path) between 
the communication node 200-1 and the communication node 200-3 has become 

20 necessary, it would be acceptable to add, only to the communication node 200-1 and to 
the communication node 200-3, the optical transmission section 290-2 and the optical 
reception section 300-2 of the wavelength band XBp ± AXp in which only the optical 
transmitter 2712-3 and the optical receiver 2812-3 which are necessary for 
communication between the communication node 200-1 and the communication node 

25 200-3 are implemented as shown in FIG. 11. It should be understood that, in FIG. 11, by 
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way of example, the case p = 2 is shown. 

THE THIRD EMBODIMENT 

Next, the third embodiment according to the present invention will be explained 
5 with reference to FIG. 12, It should be understood that, in FIG. 12, to structural elements 
which are the same as in the first embodiment described above, the same reference 
symbols are affixed, and their explanation will be curtailed. In this embodiment, for each 
of the communication nodes 200-1 through 200-4, wavelength-tunable optical light 
source integrated optical transmitters 400-1 and 400-2 are implemented in the optical 
10 transmission section 290-2 and the optical transmission section 290-3, respectively, and 
moreover optical receivers 500-1 and 500-2 are implemented in the optical reception 
section 300-2 and the optical reception section 300-3, respectively. 

The output port of the wavelength-tunable optical light source integrated optical 
transmitter 400-1 is connected to the input port 230-12 of the wavelength-band 
15 multiplexer 230, while the output port of the wavelength-tunable optical light source 
integrated optical transmitter 400-2 is coimected to the input port 230-13 of the 
wavelength-band multiplexer 230. 

The wavelength-tunable optical light source integrated optical transmitter 400-1 
can output light of the wavelengths X.21, X,22, X23, and X24 belonging to the wavelength 
20 band XB2 ± A>-2, and moreover the wavelength-tunable optical light source integrated 
optical transmitter 400-2 can output light of the wavelengths A31, X32, A33, and A34 
belonging to the wavelength band XB3 ± 

Furthermore, the input port of the optical receiver 500-1 is connected to the 
output port 220-22 of the wavelength-band demultiplexer 220, while the input port of the 
25 optical receiver 500-2 is connected to the output port 220-23 of the wavelength-band 
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demultiplexer 220. 

Accordingly, each of the communication nodes 200-1 through 200-4 can 
increase the number of the optical paths by setting the wavelengths of the optical signals 
which are outputted from the wavelength-tunable optical light source integrated optical 
5 transmitters 400-1 and 400-2 to values for routing the optical signals to the 
communication nodes for which it is required to establish optical paths by the 
wavelength-routing device 210. 

Specifically, if the communication node 200-1 performs communication with 
the communication node 200-3 by using an optical signal of a wavelength which belongs 

10 to the wavelength band XB2 ± the wavelength of the optical signal SI 3-2 which is 
outputted from the wavelength-tunable optical light source integrated optical transmitter 
400-1 of the communication node 200-1 is set to >.23. This optical signal S13-2 is routed 
by the wavelength-routing device 210, and is received by the optical receiver 500-1 of 
the communication node 200-3. Furthermore, if the communication node 200-1 performs 

15 communication with the communication node 200-4 by using an optical signal of a 
wavelength which belongs to the wavelength band ± the wavelength of the 
optical signal S14-3 which is outputted from the wavelength-tunable optical light source 
integrated optical transmitter 400-2 of the communication node 200-1 is set to X34. This 
optical signal S14-3 is routed by the wavelength-routing device 210, and is received by 

20 the optical receiver 500-2 of the communication node 200-4. 

As described above, by providing an optical transmission section which is 
equipped with a wavelength-tunable optical light source integrated optical transmitter in 
the communication nodes 200-1 through 200-4, it becomes possible to flexibly select a 
communication node which communicates in a wavelength band to which the optical 

25 transmission section belongs. 
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As the above-described wavelength-tunable optical light source integrated 
optical transmitters 400-1 and 400-2, it is possible to use, for examplei, a distributed 
feedback semiconductor laser, or a multi electrode distributed reflector semiconductor 
laser, or the like. Furthermore, for a distributed feedback semiconductor laser, by 
5 equipping it with a means for varying its temperature, it is possible to vary the 

wavelength of the optical signal which is output from the semiconductor laser according 
to its temperature; while, with a multi electrode distributed reflector semiconductor laser, 
by equipping it with a means for varying the value of the energizing electrical current, it 
is possible to vary the wavelength of the optical signal which is output from the 

10 semiconductor laser according to the value of the current flow. 

It should be understood that the above-described embodiment is no more than a 
concrete example of the present invention, and that the present invention is not limited 
only to the structure of the above-described embodiment. For example, although in the 
above-described embodiment the explanation was made by taking, by way of example, 

15 both the number of communication nodes and the number N of device input ports and 
device output ports of the wavelength-routing device as being 4, this is not to be 
considered as being limitative; it goes without saying that any value of N will be 
acceptable, provided that it is an integer greater than or equal to 2. . 

20 THE FOURTH EMBODIMENT 

Next, the fourth embodiment according to the present invention will be 
explained with reference to FIG. 13. It should be understood that, in FIG. 13, to structural 
elements which are the same as in the first embodiment described above, the same 
reference symbols are affixed, and their explanation will be curtailed. In this 

25 embodiment, for each of the communication nodes 200-1 through 200-4, transmission 
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modules 310 are implemented in the optical transmission section 290-a (where a is an 
integer from 1 through 4), and reception modules 311 are implemented in the optical 
reception section 300-a. 

The structures of the transmission modules 310 and the reception modules 311 
5 are shown in FIGS. 14A through 14H. 

In FIGS, 14A through 14H, 301 are optical transmitters, 302 is a wavelength 
division multiplexer, 303 is a wavelength division demultiplexer, 304 are optical 
receivers, 305 are wavelength-tunable optical light source integrated optical transmitters, 
306 is an optical coupler, 307 are wavelength-tunable filters, and 308 is an optical 
10 splitter. There are four types of transmission modules 310-1 through 310-4, and there are 
four types of reception modules 311-1 through 311-4. 

In the following, the structures of the transmission modules from 310-1 through 

310- 4 and of the reception modules from 311-1 through 311-4 will be explained in detail. 

In the transmission module 310-1, two or more streams of transmitted data are 
15 converted into optical signals of wavelengths which are determined by respectively 

different optical transmitters 301, and these are wavelength division multiplexed and are 
outputted by the wavelength division multiplexer 302. In the reception module 311, the 
wavelength division multiplexed optical signals which have been inputted are 
demultiplexed by wavelength by the wavelength division demultiplexer 303, and are 
20 converted into received signals by the respective optical receivers 304. In the subsequent 
discussion, the combination of this transmission module 310-1 and this reception module 

311- 1 will be termed a first transceiving module. It should be understood that, in this first 
transceiving module, according to requirements, it will also be acceptable to reduce the 
number of the optical transmitters 301 and the optical receivers 304. 

25 In the transmission module 310-2, a single stream of transmitted data is 
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converted into an optical signal of a wavelength determined by the optical transmitter 
301, and is outputted. In the reception module 311-2, the optical signal of a single 
wavelength which is inputted is converted by the optical receiver 304 into a received 
signal. In the subsequent discussion, the combination of this transmission module 310-2 
5 and this reception module 311-2 will be termed a second transceiving module. 

In the transmission module 310-3, a single stream of transmitted data is 
converted into an optical signal of a wavelength which is determined by the wavelength- 
tunable optical light source integrated optical transmitter 305, and is outputted. In the 
reception module 311-3, the optical signal of a single wavelength which is inputted is 

10 converted by the optical receiver 304 into a received signal. In the subsequent discussion, 
the combination of this transmission module 310-3 and this reception module 311-3 will 
be termed a third transceiving module. 

In the transmission module 310-4, two or more streams of transmitted data are 
converted into optical signals of respectively different wavelengths which are determined 

15 by the N (where N is an integer greater than or equal to 2) wavelength-tunable optical 
light source integrated optical transmitters 305, and are combined by the optical coupler 
306 and are outputted. In the reception module 311-4, the multiplexed optical signal of N 
or fewer wavelengths which is inputted is distributed into N routes by the optical splitter 
308. These distributed optical signals are made into an optical signal of a single 

20 wavelength by the wavelength-tunable filters 307 each of which only transmits a signal 
of a single wavelength, and are respectively converted into received signals by the optical 
receivers 304. In FIGS. 14G and 14H the case is shown in which N is 4, but the value of 
N is not to be considered as being limited by this. In the subsequent discussion, the 
combination of this transmission module 310-4 and this reception module 311-4 will be 

25 termed a fourth transceiving module. 



I 
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In this embodiment, at an optical transmission section 290-a (where a is an 
integer from 1 through 4) and an optical reception section 300-a of each communication 
node which send and receive signals of the same wavelength band, either any one of the 
first through the fourth transceiving modules may be provided; or alternatively none may 
5 be provided. In these cases, it is not absolutely necessary for the transceiving module at 
another communication node which transmits and receives signals of the same 
wavelength band to be the same. 

FIG. 15 is a figure showing the structure of the control system which performs 
the control of this embodiment. In this figure, 211-1 through 211-4 are control devices 

10 for transceiver, 213 is an optical path management device, 214 is a communication 

circuit (network), 200-1 through 200-4 are communication nodes, 220-1 through 220-4 
are wavelength-band demultiplexers, 230-1 through 230-4 are wavelength-band 
multiplexers, and 241, 242, 243 and 244 are 4x4 arrayed-waveguide gratings. 

The control devices for transceiver 211-1 through 211-4 are connected to the 

15 four communication nodes 200-1 to 200-4, and perform control of the optical 

transceiving modules. This control of the optical transceiving modules is performed 
based upon control signals which are received from the optical path management device 
213. A drive signal or a stop signal is transmitted to the optical transmitter 301 which is 
to be the object of control, a drive signal, a stop signal, or an output wavelength control 

20 signal is transmitted to the wavelength-tunable optical light source integrated optical 
transmitter 305, a transmission wavelength band control signal is transmitted to the 
wavelength-tunable filters 307, and thereby the optical transceiving module is controlled. 

The optical path management device 213 performs management of the optical 
path which will be described hereinafter. In order to do this, the optical path management 

25 device 213 is connected with the control devices for transceiver 211-1 through 211-4 via 
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the communication circuit 214, and sends and receives control signals to and from them. 
The internal structure of this optical path management device 213 is shown in FIG. 16. 
Mainly, this optical path management device 213 is made up from a processor section 
3010, a storage medium 3030, and a control signal input-output interface 3020. In this 
5 embodiment memory is utilized as the storage medium, but anything may be used as 'the 
storage medium, provided that information can be read from it and written to it. 

In the optical path management device 213, databases which maintain the types 
of the transceiving modules which are implemented at each communication node, and the 
states of the optical transmitters within the transceiving modules, the wavelength-tunable 

10 optical light source integrated optical transmitters, and the wavelength-tunable filters are 
held in the storage medium 3030. 

When additionally providing or canceling a path between communication nodes 
based upon theise databases with the optical path management device 213, it is decided by 
the processor section 3010 which of the optical transmitters, wavelength-tunable optical 

15 light source integrated optical transmitters, and wavelength-tunable filters at each of the 
communication nodes should be controlled or not. The results of these decisions are 
transmitted via the control signal input-output interface 3020 to the control devices for 
transceiver 211-1 through 211-4 as control signals, and controls the optical transceiving 
modules so as to be able to additionally provide or to cancel the desired optical path. 

20 Furthermore, the optical path management device 213, for each wavelength band, creates 
and maintains a database in which the optical paths between communication nodes are 
recorded. 

FIG. 17 shows an example of a database, in which a table is shown which relates 
to the wavelength band XBi ± AXi. It should be understood that, in FIG. 17, "TLD" means 
25 a wavelength-tunable optical light source (Tunable Laser Diode). 
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Each row of the database corresponds to a respective one of the communication 
nodes, and maintains the state of the transmitters which are included in the 
communication node. In FIG. 17, the first row corresponds to the communication node 
200-1, the second row corresponds to the communication node 200-2, the third row 
5 corresponds to the communication node 200-3, and the fourth row corresponds to the 
communication node 200-4. 

Each column of the database maintains information which is related to the 
optical transmitters of the respective communication nodes. 

The fifth column of the database maintains the types of the transceiving modules 

10 which are implemented at the communication nodes. In FIG. 17, the case is shown in 
which a first transceiving module is implemented at the communication node 200-1, a 
second transceiving module is implemented at the communication node 200-2, a third 
transceiving module is implemented at the communication node 200-3, and a fourth 
transceiving module is implemented at the communication node 200-4. 

15 The sixth column maintains the numbers of the wavelength-tunable optical light 

source integrated optical transmitters which are implemented at the communication 
nodes. In FIG. 17, the case is shown in which no wavelength-tunable optical light source 
integrated optical transmitters are implemented at the communication node 200-1 and at 
the communication node 200-2, while a single wavelength-tunable optical light source 

20 integrated optical transmitter is implemented at the communication node 200-3, and two 
wavelength-tunable optical light source integrated optical transmitters are implemented at 
the communication node 200-4. 

The seventh column maintains, among the wavelength-tunable optical light 
source integrated optical transmitters which are implemented at the communication 

25 nodes, the number thereof which are actually being used. In FIG. 17, the case is shown in 
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which no wavelength-tunable optical light source integrated optical transmitters are being 
used at the communication node 200-1 and at the communication node 200-2, one 
wavelength-tunable optical light source integrated optical transmitter is being used at the 
communication node 200-3, and one wavelength-tunable optical light source integrated 
5 optical transmitter is being used at the communication node 200-4. 

The upper entries in the first through the fourth columns maintain the optical 
wavelengths for transmitting signals to the respective communication nodes 200-1, 200- 
2, 200-3, and 200-4, while the lower entries therein maintain the states of the optical 
transmitters for sending signals to these respective communication nodes 200-1, 200-2, 

10 200-3, and 200-4. If a first or a second transceiving module is implemented, the state of 
the optical transmitter which is maintained shown in the lower entries is one of: "NA" 
which shows the state in which no optical transmitter which sends a signal to the relevant 
communication node is implemented; or "OFF" which shows the state in which an 
optical transmitter which sends a signal to the relevant communication node is 

15 implemented but is not being used; or "ON" which shows the state in which an optical 
transmitter which sends a signal to the relevant communication node is implemented and 
is being used. Furthermore, if a third or a fourth transceiving module is implemented, it is 
one of "OFF" which shows the state in which no wavelength-tunable optical light source 
integrated optical transmitter which sends an optical signal at a wavelength which sends a 

20 signal to the relevant communication node exists, or the "number of the wavelength- 
tunable optical light source integrated optical transmitter", which shows that a 
wavelength-tunable optical light source integrated optical transmitter exists which sends 
an optical signal at a wavelength which sends a signal to the relevant communication 
node, and which specifies the relevant wavelength-tunable optical light source integrated 

25 optical transmitter. 
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In the management of the optical paths between the communication nodes, the 
optical path management device 213 refers to and changes the database when 
establishing a new optical path between communication nodes and when stopping an 
already existing optical path between communication nodes, and controls the control 
5 devices for transceiver 211-1 through 211-4 via the communication circuit 214. 

First, the operation of the optical path management device 213 when an optical 
path is newly established between a communication node 200-x and a communication 
node 200-y (where both x and y are integers greater than or equal to 1 and less than or 
equal to 4). Here, one example of the trigger for establishment of an optical path between 

10 the communication node 200-x and the communication node 200-y is an explicit 

command for optical path establishment via input from the operator of this system to a 
console not shown in the figures which is connected to the optical path management 
device 213. Furthermore, another example of such trigger is that the optical path 
management device receives monitor information of communication traffic within the 

15 system, and that it decides to establish a new optical path between the communication 
nodes based upon this information. 

The optical path management device 213 searches, from among the four 
databases which are provided for each of the wavelength bands, a database in which, for 
both the x-th row and the y-th row, the entry in the fifth column is "1" or "2", or the entry 

20 in the fifth column is "3" or "4" and the entry in the sixth column is greater than the entry 
in the seventh column. Next, within the applicable databases, it searches for the databases 
in which the lower entries both in the x-th row and the y-th column and in the y-th row 
and the x-th column are "OFF". If the result of this search is that a plurality of databases 
are applicable, then it obtains its search results based upon some type of priority ranking; 

25 for example, based upon a priority ranking in which a database which corresponds to a 
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shorter wavelength band is accorded priority. 

The optical path management device 213, along with transmitting a command 
for establishing an optical path between the communication node 200-x and the 
communication node 200-y upon the wavelength band which corresponds to the database 
5 which was obtained as the result of the search via the communication circuit 214 to the 
control devices for transceiver 211-x and 211-y, also updates the database. 

The signal which is transmitted to the control device for transceiver 211-x will 
now be explained in concrete terms by way of an example. If the communication node 
200-x is implemented with the first or the second transceiving module, then a signal is 

10 transmitted for creating a drive signal for the optical transmitter 301 which outputs the 

wavelength which is maintained in the upper entry of the x-th row and the y-th column of 
the database. At the same time, "ON" is written into the lower entry of the x-th row and 
the y-th column of the database. If the communication node 200-x is implemented with 
the third transceiving module, a signal is transmitted for creating a transmission 

15 wavelength setting signal which sets the wavelength which is outputted by the 
wavelength-tunable optical light source integrated optical transmitter 305 to the 
wavelength which is maintained in the upper entry of the x-th row and the y-th column of 
the database. At the same time, a signal is transmitted for creating a drive signal for the 
wavelength-tunable optical light source integrated optical transmitter 305. Furthermore, 

20 at the same time, "1" is written into the lower entry of the x-th row and the y-th column 
of the database, and "1" is written into the seventh row entry. If the communication node 
200-x is implemented with the fourth transceiving module, a signal is transmitted for 
creating a transmission wavelength setting signal which sets the wavelength which is 
outputted by the wavelength-tunable optical light source integrated optical transmitter 

25 305 of the lowest number among the ones of the wavelength-tunable optical light source 
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integrated optical transmitters 305 which are unused to the wavelength which is 
maintained in the upper entry of the x-th row and the y-th column of the database. At the 
same time, a signal is transmitted for creating a drive signal for the wavelength-tunable 
optical light source integrated optical transmitter 305. Moreover, a signal is transmitted 
5 for creating a transmission wavelength band control signal which sets the transmission 
wavelength band of the wavelength-tunable filter 307 which is paired with the 
wavelength-tunable optical light source integrated optical transmitter 305 to the 
wavelength which is maintained in the upper entry of the x-th row and the y-th column of 
the database. At the same time as the above tasks, the number of the wavelength-tunable 
10 optical light source integrated optical transmitter which has been driven is written into 
the lower entry in the x-th row and the y-th colunm of the database, and 1 is added to the 
seventh row entry. 

It should be understood that, when searching the databases, if no applicable 
database exists, the fact that it is not possible to add an optical path is transmitted to the 

15 source of the request. 

Next, the operation of the optical path management device 213 will be explained 
when a requirement has arisen to cancel the optical path between a communication node 
200-xx and a communication node 200-yy (where xx and yy are both integers which are 
greater than or equal to 1 and less than or equal to 4) between which an optical path is 

20 already established. Here, one example of the trigger for cancellation of the optical path 
between the communication node 200-xx and the communication node 200-yy is an 
explicit command for optical path cancellation via input from the operator of this optical 
communication network system to a console not shown in the figures which is connected 
to the optical path management device 213. Furthermore, another example of such trigger 

25 is that the optical path management device receives monitor information of 
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communication traffic within the system, and that it decides to cancel the new optical 
path between the communication nodes based upon this inforaiation. 

The optical path management device 213 searches, from among the four 
databases which are provided for each of the wavelength bands, a database in which the 
5 lower entry in the xx-th row and the yy-th column and the lower entry in the yy-th row 
and the xx-th column ^-e both "ON" or both of them are the number of wavelength- 
tunable optical light source integrated optical transmitters. If the result of this search is 
that a plurality of databases are applicable, then it obtains its search results based upon 
some type of priority ranking; for example, based upon a priority ranking in which a 

10 database which corresponds to a shorter wavelength band is accorded priority. 

The optical path management device 213, along with transmitting a command 
for canceling the optical path between the communication node 200-xx and the 
communication node 200-yy upon the wavelength band which corresponds to the 
database which was obtained as the result of the search via the communication circuit 

15 214 to the control devices for transceiver 211-xx and 211-yy, also updates the database. 

The signal which is transmitted to the control device for transceiver 211-xx will 
now be explained in concrete terms by way of an example. If the communication node 
200-xx is implemented with the first or the second transceiving module, a signal is 
transmitted for creating a cancellation signal for the optical transmitter 301 which outputs . 

20 the wavelength which is maintained in the upper entry of the xx-th row and the yy-th 
column of the database. At the same time, "OFF" is written into the lower entry of the 
xx-th row and the yy-th column of the database. If the communication node 200-xx is 
implemented with the third transceiving module, a signal is transmitted for creating a 
cancellation signal for the wavelength-tunable optical light source integrated optical 

25 transmitter 305. At the same time, "OFF" is written into the lower entry in the xx-th row 
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and the yy-th column of the database, and "0" is written into the seventh row. If the 
communication node 200-x is implemented with the fourth transceiving module, a signal 
is transmitted for creating a cancellation signal for the wavelength-tunable optical light 
source integrated optical transmitter 305 whose number is written in the lower entry in 
5 the xx-th row and the yy-th column of the database. At the same time, "OFF" is written 
into the lower entry in the xx-th row and the yy-th column of the database, and 1 is 
subtracted from the seventh row entry. 

It should be understood that, when searching the databases, if no applicable 
database exists, the fact that it is not possible to cancel the optical path is transmitted to 

10 the source of the request. 

It is possible to manage the optical paths between the communication nodes by 
doing as described above. It should be understood that the management method for the 
optical paths between the communication nodes need not absolutely necessarily be 
according to this embodiment; any method which is able to implement the same 

15 functions will be acceptable, and such a method is also to be considered as being 
included within the scope of the present invention. 

For example, it would also be acceptable to implement the function of the 
optical path management device 213 in any one of the control devices for transceiver 
211-1 through 211-4, and to omit the optical path management device 213. 

20 Next, the theory of the optimal wavelength control and management method of 

an optical path which are applied to this embodiment will be explained in detail with 
reference to examples according to the fifth through seventh embodiments. 

It should be understood that here the objects which are taken for control and 
management are the wavelength-tunable optical light source integrated optical 

25 transmitters 400-1 and 400-2. Attention is directed to the wavelength bands with which 
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the wavelength-tunable optical light source integrated optical transmitters 400-1 and 400- 
2 are equipped, in other words to the wavelength bands X,B2 ± AX2 and ± That is, 
for at least the wavelength bands which are the objects of control and management, it is 
presupposed that all of the communication nodes are provided with wavelength-tunable 
5 optical light source integrated optical transmitters. To put it in another manner, with 
regard to the wavelength bands which are not the objects of control and management, 
there is no specific constraint on optical transmitters and optical receivers which are 
provided in the respective communication nodes. For this reason, it is not necessary for 
the structures of the transmitters and the receivers to be the same at all of the 

10 communication nodes. 

Furthermore, in this explanation of the theory, each of the wavelength bands ^82 
± AX,2 and X.B3 ± AX3 is treated as a single wavelength, and the wavelength-band 
demultiplexer 220 and the wavelength-band multiplexer 230 are respectively treated as a 
wavelength division demultiplexing circuit 1 and a wavelength division multiplexing 

15 circuit 2. Yet further, the 4x4 arrayed-waveguide gratings 241 through 244 are treated as 
optical matrix switches 3 and 6. At this time, controlling the wavelengths transmitted by 
the wavelength-tunable optical light source integrated optical transmitters 400-1 and 400- 
2 within the corresponding wavelength bands corresponds to controlling the optical paths 
of the matrix switches in the following explanation. 

20 

THE FIFTH EMBODIMENT 

FIG. 18 is a figure showing the fifth embodiment according to the present 
invention. In this figure, 1-1, 1-2, .... 1-N are wavelength division demultiplexing 
circuits, 2-1, 2-2, ... 2-N are wavelength division multiplexing circuits, 3-1, 3-2, ... 3-m 
25 are optical matrix switches, 4-1, 4-2, . . . 4-N are input optical fibers, 5-1, 5-2, . . . 5-N are 
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output optical fibers, 11-1, 11-2, ... 11-N are control devices for transceiver, 12 is an 

optical matrix switch control device, 13 is an optical path management device, and 14 is 

a communication circuit (a network). 

Here, although it is possible to utilize a circuit which employs an arrayed- 

5 waveguide grating or a dielectric multilayer filter as the wavelength division 

demultiplexing circuit and the wavelength division multiplexing circuit, the particular 

method by which they are implemented is of no importance, provided that the same 

functions are implemented. Furthermore although, as the optical matrix switches, it is 

possible to employ optical switches which use the thermo-optic effect, waveguide type 

10 switches, MEMS optical switches, bubble optical switches, N input N output arrayed- 
waveguide gratings, or the like, the particular method by which they are implemented is 
of no importance, provided that the same functions are implemented. Yet further, the 
particular method by which the entire structure is implemented is of no importance, 
provided that the same input and output characteristics are implemented. 

15 The control devices for transceiver 11-1 through 11-N are respectively 

connected to transceivers (not shovra in the figures) of N communication nodes, and they 
perform control of the wavelength and the like of the optical signals which are 
transmitted and received by these transceivers. 

The optical matrix switch control device 12 is connected to the optical matrix 

20 switches 3-1 through 3-N, and performs control of the optical paths between the input 
and output ports of each of the optical matrix switches 3-1 through 3-N. 

The optical path management device 13 is connected to the control devices for 
transceiver 11-1 through 11-N and to the optical matrix switch control device 12 via the 
communication circuit 14, and performs transmission and reception of information 

25 signals and management of the optical path based upon the present invention, as will be 
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described hereinafter. 

In the following, the optical path management method of the present invention 
will be explained by taking, as an example, the case in which the number of input optical 
fibers and output optical fibers is 8, and the number of multiplexed wavelengths is 4. 
5 However, the scale of the optical communication network system to which the present 
invention can be applied is not to be considered as being limited by this. 

Based upon the numbers of the input optical fibers and the output optical fibers 
and the number of multiplexed wavelengths, four 8-input 8-output optical matrix 
switches are provided in the optical communication network system. It will be supposed 
10 that numbers 1 through 4 are appended to these four optical matrix switches which 
specify their respective mutually differing priority rankings, and furthermore that 
numbers 1 through 8 are appended to the groups of a communication node, an input 
optical fiber along which passes the output signal of the communication node, an input 
port of the optical matrix switch which is connected to the input optical fiber, the output 
15 optical fiber along which passes an input signal to the communication node, and an 
output port of the optical matrix switch which is connected to the output optical fiber. 

The optical path management device 13 creates and maintains a database (not 
shown in the figures) in which the optical paths for each of the optical matrix switches 
are recorded. 

20 FIGS. 19A through 19D are figures showing an example of the database which 

consists of tables which respectively correspond to the four optical matrix switches. 

In these four tables, the number in the first row specifies the priority ranking of 
the optical matrix switch, while the number in the second column specifies the number of 
the destination communication node of the optical path which is established between the 

25 destination communication node and the communication node specified by the number of 
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the first column via the optical matrix switch. Furthermore, here, for communication 
nodes which are not used in the relevant optical matrix switches, "0" is recorded as the 
number of the destination communication node of the optical path. 

In the management of the optical paths between the input optical fibers and the 
5 output optical fibers (between the input communication nodes and the destination 

communication nodes of the optical path), it becomes necessary to refer to and to change 
the database when establishing a new optical path, when canceling an already existing 
optical path, and when changing over an optical path between the optical matrix 
switches. 

10 First, the operation of the optical path management device 13 will be explained 

when a requirement has arisen newly to establish an optical path between the xx-th 
communication node and the yy-th communication node. 

The flow of the processing of the optical path management device when 
establishing a new optical path as described above is shown in FIG 20. 

15 The optical path management device 13 searches in the database for an optical 

matrix switch which is not in use by both the xx-th communication node and the yy-th 
communication node in the order from the data which corresponds to the optical matrix 
switch which has the priority ranking whose number is the lowest (in the step SI). For 
example, in the state of the databases shown in FIGS. 19A through 19D, if a requirement 

20 has arisen newly to establish an optical path between the communication node 3 and the 
communication node 4, the second optical matrix switch whose priority ranking number 
is the smallest is obtained as the search result, from among the optical matrix switches 
which are not used by both the communication node 3 and the communication node 4. 
When a search result is obtained (YES in the step S2), the optical path 

25 management device 13 transmits (in the step S3) a command for newly establishing an 
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optical path according to the search result to the control devices for transceiver 11 of the 
xx-th communication node and of the yy-th communication node and the optical matrix 
switch control device 12, via the communication circuit 14, here, it transmits a command 
to execute comnaunication by an optical signal of the wavelength X2 to the control 
5 devices for transceiver of the communication node 3 and of the communication node 4, 
and it causes an optical path to be established in the optical matrix switch control device 
12 between the third input port and the fourth output port of the second optical matrix 
switch, and moreover, along with transmitting the command to cause an optical path to 
be established between the fourth input port and the third output port, it registers the 

10 optical path which has newly been established in the database (in the step S4), here, 
writes 4 as the destination communication node of the optical path of the input 
communication node 3 in the table which corresponds to the second optical matrix 
switch, and writes 3 as the destination communication node of the optical path of the 
input communication node 4. 

15 Next, the operation of the optical path management device 13 will be explained, 

when the necessity for an optical path which is already established between the xxx-th 
communication node and the yyy-th communication node has ceased. 

The flow of the processing of the optical path management device when 
canceling an already existing optical path as described above is shown in FIG 21. 

20 The optical path managenaent device 13 searches in the database, for an optical 

matrix switch which establishes an optical path between the xxx-th communication node 
and the yyy-th communication node in the order from the data which corresponds to the 
optical matrix switch which has the priority ranking whose number is the highest (in the 
step Sll). For example if, in the state of the databases shown in FIGS. 19A through 19D, 

25 the optical path between the communication node 1 and the communication node 3 has 
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become unnecessary, the fourth optical matrix switch whose priority ranking number is 
the highest is the search result, among the optical matrix switches which establish optical 
paths between the communication node 1 and the communication node 3. 

When a, search result is obtained (YES in the step S12), the optical path 
5 management device 13 transmits (in the step S13) a command for canceling an optical 
path according to the search result to the control devices for transceiver 11 of the xxx-th 
communication node and of the yyy-th communication node and the optical matrix 
switch control device 12, via the communication circuit 14; here, it transmits a command 
to stop communication by an optical signal of the wavelength X4 to the control devices 

10 for transceiver of the communication node 1 and of the communication node 3, and it 
causes the optical path in the optical matrix switch control device 12 between the first 
input port and the third output port of the fourth optical matrix switch to be cancelled, 
and moreover, along with transmitting the command to cause the optical path to be 
cancelled between the third input port and the first output port, it deletes the optical path 

15 which has been cancelled from the database (in the step S14), here, writes 0 as the 

destination communication iiode of the optical path of the input communication node 1 in 
the table which corresponds to the fourth optical matrix switch, and writes 0 as the 
destination communication node of the optical path of the input communication node 3. 
Next, the operation of the optical path management device 13 when changing 

20 over an optical path between the optical matrix switches will be explained. 

The flow of the processing of the optical path management device when 
changing over an optical path between the optical matrix switches as described above is 
shown in FIG 22. 

The optical path management device 13 searches, in an order which is 
25 determined in advance for all the combinations of x and y, the number b of the one of the 
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highest priority ranking among the optical matrix switches which establish optical paths 
between the x-th communication node and the y-th communication node, and the number 
a of the one of the lowest priority ranking among the optical matrix switches which does 
not use the x-th communication node and the y-th communication node, and extracts the 
5 combinations of x, y, a, and b for which the number a is smaller than the number b (in the 
step S21). For example, in the state of the database shown in FIGS, 19A through 19D, it 
extracts (x, y, a, b) = (2, 5, 1, 2), (2, 8, 1, 3), and (1, 3, 2, 4). 

Next, if the search result as now described is obtained (YES in the step S22), the 
optical path management device 13, if there is one combination which has thus been 
10 extracted (NO in the step S23), selects it, while, if there are several (YES in the step 

S23), selects any one thereof (in the step S24), and performs changing over of the optical 
path. 

In other words, it transmits a command for newly establishing an optical path 
between the x-th communication node and the y-th communication node via the a-th 

15 optical matrix switch of the selected group to the control devices for transceiver 11 of the 
x-th communication node and of the y-th communication node and the optical matrix 
switch control device 12 via the communication circuit 14 (in the step S25). 
Subsequently, it transmits a command for canceling the optical path between the x-th 
communication node and the y-th communication node via the b-th optical matrix switch 

20 of the selected group to the control devices for transceiver 11 of the x-th communication 
node and of the y-th communication node and the optical matrix switch control device 12 
via the communication circuit 14 (in the step S26). Next, it updates the database; in other 
words, along with registering the optical path which has newly been established in the 
database, it also deletes from the database the optical path which has been cancelled (in 

25 the step S27). 



72 

At this time, the reason for first establishing the optical path via the a-th optical 
matrix switch is in order not to interrupt the optical path between the communication 
node X and the communication node y. 

When the changing over of the optical path has ended, the combinations of (x, y, 
5 a, b) which meet the previously described conditions are again extracted, and changing 
over of the optical path is performed. This task is repeated until no combinations of (x, y, 
a, b) which meet the previously described conditions come to be extracted. 

It should be understood that, a state in which the optical paths are not arranged 
will not be generated only by establishing a new optical path with the above-described 
10 method. However, it is desirable to perform changing over of the optical paths between 
the optical matrix switches after cancellation of an already existing optical path, since 
there is a possibility of causing a state in which the optical paths are not arranged after 
cancellation of an already existing optical path. 

If the management of the optical paths between the communication nodes is 
15 performed by doing the above, the optical paths between the communication nodes come 
to be always in an arranged state, and it is possible to enhance the efficiency of use of the 
optical cross connect devices. 

It should be understood that the management method for the optical paths 
between the communication nodes need not absolutely necessarily be according to this 
20 embodiment; it will be sufficient for it to be able to implement the same functions, and 
such a type of method is also included within the scope of the present invention. 

THE SIXTH EMBODIMENT 

FIG 23 is a figure showing the sixth embodiment according to the present 
25 invention, and this figure shows an example in which, in the fifth embodiment, along 
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with utilizing the passive optical matrix switch, the optical matrix switch control device 
is omitted. 

In detail, in this figure, 6-1, 6-2, ... 6-m are passive optical matrix switches, in 
which an optical signal which has been inputted from a certain input port is outputted 
5 from a different output port, according to the physical nature of this optical signal. As an 
example, the case may be considered in which an N input N output arrayed-waveguide 
gratings are utilized for these optical matrix switches. At this time, if a wavelength 
division demultiplexing circuit 1 and a wavelength division multiplexing circuit 2 are 
supposed to handle signals over a sufficiently wide wavelength band AX as signals of the 

10 same wavelength, the wavelengths of the optical signals which are inputted to the 

arrayed-waveguide grating may be supposed to be different within the range of A^ and, 
due to the input-output characteristic of an arrayed-waveguide grating, an optical signal 
which has been inputted from a certain input port is outputted from a different output port 
according to the physical nature of the optical signal which is inputted, i.e. according to 

15 its wavelength. Accordingly, in this embodiment, an optical path management device, for 
example 13a, as a command for establishing or for canceling an optical path, only 
performs command to the control devices for transceiver 11-1 through 11-N of a 
wavelength of the optical signal to start or to stop transmission and reception by the 
transceivers of the communication nodes. It should be understood that the other 

20 structures and operations of this embodiment are the same as in the case of the fifth 
embodiment. 



25 



THE SEVENTH EMBODIMENT 

FIG. 24 is a figure showing the seventh embodiment according to the present 
invention; and, in this figure, there is shown an example in which, in the sixth 
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embodiment, the function of an optical path management device is implemented by one 
among the N control devices for transceiver. 

That is to say, in this figure, 11-la is a control device for transceiver which 
implements the function of the optical path management device 13a which was explained 
5 with regard to the sixth embodiment, and this is connected via communication circuits 14 
with the other control devices for transceiver 11-2 through 11-N and sends and receives 
information thereby, and performs management of the optical path in the same manner as 
in the case of the sixth embodiment. It should be understood that the other structure and 
operations of this embodiment are the same as in the case of the fifth and the sixth 

10 embodiments. 

It should be understood that it would also be acceptable to record a program for 
implementing the wavelength control and management of optical paths which has been 
explained above for the fourth through the seventh embodiments upon a recording 
medium which is capable of being read by a computer, and to arrange for the program 

15 which is written upon this recording medium to be read and executed by a computer 
system. 

Here, the computer system includes an operating system and hardware such as 
peripheral devices and the like. Furthermore, if the WWW system is taken advantage of, 
the computer system also includes a home page presentation environment (or a home 
20 page display environment). 

Yet further, a recording medium which can be read by a computer includes a 
transportable medium such as a flexible disk, an opto-magnetic disk, a ROM, a CD-ROM 
or the like, or a storage device which is housed within a computer system such as a hard 
disk or the like. Even further, the recording medium which can be read by a computer 
25 includes a medium upon which the program is stored for a certain time period, such as a 
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volatile memory (RAM) internal to a computer system which constitutes a server or a 
client, when the program has been transmitted via a network such as the internet or the 
like, or via a communication circuit such as a telephone circuit or the like. 

Moreover, the above-described program may acceptably be transmitted from a 
5 computer system in which this program is stored upon a storage device or the like to 
another computer system via a transmission medium or via a transmission wave through 
a transmission medium. Here, a transmission medium which transmits the program 
includes a medium which is provided with the function of transmitting information, such 
as a network (a communication network) such as the internet or the like, or a 

10 communication circuit (a communication line) such as a telephone circuit or the like. Yet 
further, the above-described program may acceptably be one for implementing a portion 
of the above-described functions. Even further, it would be acceptable for it to be a so- 
called differential file (differential program) which is able to implement the above- 
described functions in combination with a program which is already recorded upon the 

15 computer system. 

Industrial Applicability 
According to the present invention, in an optical communication network 
system which takes advantage of a plurality of communication nodes and wavelength- 
20 routing to establish communication between these communication nodes by route control 
according to the wavelength of an optical signal, an array ed-waveguide grating is 
provided independently for each wavelength band in a wavelength-routing device, and 
wavelength-band multiplexing of the wavelength bands and wavelength-band 
demultiplexing of the wavelength bands are performed in the communication nodes and 
25 in the wavelength-routing device. Accordingly, it is possible to form one optical path 
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between the communication nodes for each wavelength band. As a result, although with 
the conventional technique in which only one optical path is established between 
communication nodes there is a difficulty in establishing a plurality of optical paths 
between the communication nodes, by applying the structure of the present invention, it 
5 is possible to form, at a maximum, the same number of optical paths between the 

communication nodes as the number of wavelength bands, so that it is possible to easily 
increase the transmission capacity between the communication nodes. Furthermore, with 
the optical communication network system of the present invention, when increasing the 
number of optical paths, it will be sufficient to add the required equipment only between 

10 the communication nodes for which this increase of the number of optical paths is 
required, so that the extremely excellent and beneficial effect is obtained that the 
flexibility and the economy are both superb. Yet further, with a conventional optical 
communication system in which the optical paths are formed between the communication 
nodes for each wavelength-band, when the number of communication nodes exceeds the 

15 number of the wavelength-bands, it is necessary to pass via a different communication 
node. In contrast, according to the present invention, it is possible to implement an 
optical conmiunication network system which provides full mesh connectivity in which 
optical paths between all the communication nodes are provided. Accordingly, even if 
the number of communication nodes exceeds the number of the wavelength-bands, it is 

20 not necessary to pass via a different communication node. Furthermore, according to the 
present invention, in an optical cross connect device which is formed by a combination of 
a plurality of small scale optical matrix switches, the optical paths between the 
communication nodes are always arranged, so that it is possible to enhance the efficiency 
of utilization of the optical cross connect device. 



